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IMPORTANT NOTICE 


Texas Instruments (Tl) reserves the right to make changes to its products or to discontinue any 
semiconductor product or service without notice, and advises its customers to obtain the latest 
version of relevant information to verify, before placing orders, that the information being relied 
on is current. 

Tl warrants performance of its semiconductor products and related software to the specifications 
applicable at the time of sale in accordance with Tl’s standard warranty. Testing and other quality 
control techniques are utilized to the extent Tl deems necessary to support this warranty. 
Specific testing of all parameters of each device is not necessarily performed, except those 
mandated by government requirements. 

Certain applications using semiconductor products may involve potential risks of death, 
personal injury, or severe property or environmental damage (“Critical Applications”). 

Tl SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR 
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES 
OR SYSTEMS OR OTHER CRITICAL APPLICATIONS. 

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer. 
Use of Tl products in such applications requires the written approval of an appropriate Tl officer. 
Questions concerning potential risk applications should be directed to Tl through a local SC 
sales office. 

In order to minimize risks associated with the customer’s applications, adequate design and 
operating safeguards should be provided by the customer to minimize inherent or procedural 
hazards. 

Tl assumes no liability for applications assistance, customer product design, software 
performance, or infringement of patents or services described herein. Nor does Tl warrant or 
represent that any license, either express or implied, is granted under any patent right, copyright, 
mask work right, or other intellectuai property right of Tl covering or relating to any combination, 
machine, or process in which such semiconductor products or services might be or are used. 


Copyright © 1995, Texas Instruments Incorporated 


Printed in U.S.A. by 
Custom Printing Company 
Owensville, Missouri 



INTRODUCTION 


The Texas Instruments 1996 Power Supply Circuits Data Book has been created to showcase our growing 
line of analog components for power-supply designs. Featured in this data book are most of the components 
previously found in the 1992 Linear Circuits Data Book, Volume 3, the many new and exciting power supply 
products introduced since then, and other components useful for power-supply designs. 

This new data book is more than a collection of data sheets; it Is a tool for locating the best power supply 
components for a successful design effort. It has been completely restructured to help you quickly find the 
devices best suited to your application. 

A complete alphanumeric index at the beginning of the book makes finding specifications for known part 
numbers simple. You no longer have to search through chapter indexes when you don’t know a device 
function. 

The new device index Includes a description to highlight Tl’s newest devices. These products include new 
families of PMOS high-side switches and personal computer memory card international association 
(PCMCIA) power distribution switches, extremely low dropout (LDO) voltage regulators, advanced 
pulse-width-molulation (PWM) controllers, and integrated power supply building blocks. Product-preview 
data sheets are included for devices not completely released when this book was printed. Contact your local 
Tl sales office for complete data sheets and product availability. 

Redesigned product selection guides give a condensed view of parametric information, organized to help 
you choose the devices that most closely fit your needs. Key specifications and/or features are presented 
for easy comparison. 

An extensive glossary is provided for reference, defining and clarifying terms used by Texas Instruments and 
the semiconductor industry that might be new or unfamiliar. 

The data sheets have been organized into several chapters by product function. 

• Voltage references 

• Voltage regulators 

• PWM controllers and dc-to-dc converters 

• Supply voltage supervisors 

• PMOS and PCMCIA power distribution switches 

• Optoisolators 

• Building blocks and special functions 

Each chapter has its own table of contents that includes descriptions of the devices, which makes finding a 
specific device much easier to find. 

For convenience, a chapter for optoisolators is included in the 1996 Power Supply Circuits Data Book. 
This eliminates the need to flip back and forth between two data books for your total power-supply solution. 

In section 9 of this data book there Is a collection of application notes. Texas Instruments is committed to 
providing designers with detailed application notes for our newest power-supply components. This section 
represents the beginning of this effort. These applications are fully tested and, in some cases, evaluation 
boards may be available (contact your local Tl sales office). More applications notes will be available from 
the factory soon. 

The last section of this data book contains complete mechanical specifications for all packages used with 
Texas Instruments power supply circuits. This Includes the latest innovations in surface-mount power 
packages. Designers of space-critical systems may want to Investigate new products offered in SOT-23 (DBV 
suffix), power TSSOP (PWP suffix), and the PowerFlex™ (KTD, KTG, and KTP suffixes) packages. 


PowerFlex is a trademark of Texas Instruments Incorporated. 




While this data book offers design and specification data only for power-supply products, complete technical 
data for any Tl semiconductor product Is available from your nearest Tl Field Sales Office, local authorized 
Tl distributor, or by writing directly to: 

Texas Instruments Incorporated 
LITERATURE RESPONSE CENTER 
RO. Box 809066 
DALLAS, TEXAS 75380-9066 

or telephone the Tl Literature Response number: 1 -800-477-8924. 

We sincerely believe the new 1996 Power Supply Circuits Data Book will be a valuable addition to your 
collection of technical literature. 


vi 



General Information 

1 


"T" 





5 

IMIill'gB'lll I .I'ljjisrififlil la rEHBMHIMi 

6 


Building Blocks and Special Functions 

8 


9 


10 


1-1 

























General Information 


Contents 

Page 

Alphanumeric Index . 1-3 

New Device Index .... 1-5 

Selection Guide . 1-7 

Giossary . 1-17 


1-2 






ALPHANUMERIC INDEX 


4N25 .. 7-3 

4N26 . 7-3 

4N27 . 7-3 

4N28 . 7-3 

4N35 . 7-7 

4N36 .. 7-7 

4N37 . 7-7 

6N135 . 7-13 

6N136 . 7-13 

HCPL4502 . 7-13 

LM185-1.2 . 2-3 

LM 185-2.5 . 2-11 

LM236-2.5 . 2-21 

LM285-1.2 . 2-3 

LM285-2.5 . 2-11 

LM336-2.5 . 2-21 

LM385-1.2 . 2-3 

LM385-2.5 . 2-11 

LM385B-1.2 . 2-3 

LM385B-2.5 . 2-11 

LT1004-1.2 . 2-27 

LT1004-2.5 . 2-27 

LT1009 . 2-39 

LT1054 . 8-3 

MCT2 . 7-23 

MCT2E . 7-23 

MOC3009 . 7-29 

MOC3010 . 7-29 

MOC3011 . 7-29 

MOC3012 ...7-29 

MOC3020 . 7-35 

MOC3021 . 7-35 

MOC3022 . 7-35 

MOC3023 . 7-35 

SG2524 . 4-3 

SG3524 . 4-3 

TIL191 . 7-41 

T1L191A . 7-41 

TIL191B . 7-41 

T1L192 . 7-41 

TIL192A . 7-41 

TIL192B . 7-41 

TIL193 . 7-41 

TIL193A .. 7-41 

T1L193B . 7-41 

TIL300 . 7-47 

TIL300A .. 7-47 

T1L3009 . 7-51 

TIL3010 . 7-51 

TIL3011 . 7-51 

TIL3012 . 7-51 

TIL3020 . 7-57 

TIL3021 . 7-57 

TIL3022 . 7-57 


Devices in bold type are new to this data book. 


TIL3023 . 7-57 

TL-SCSI285 . 8-27 

TL1431 . 3-93 

TL1451A . 4-81 

TL1454 . 4-101 

TL2217-285 . 8-33 

TL2218-285 . 8-39 

TL317 . 3-3 

TL430 . 3-11 

TL431 . 3-17 

TL431A . 3-17 

TL494 . 4-19 

TL496 . 4-31 

TL497A . 4-37 

TL499A . 4-47 

TL5001 . 4-121 

TL594 . 4-55 

TL598 . 4-67 

TL750L05 . 3-49 

TL750L08 . 3-49 

TL750L10 . 3-49 

TL750L12 . 3-49 

TL750M05 . 3-59 

TL750M08 . 3-59 

TL750M10 . 3-59 

TL750M12 . 3-59 

TL751L05 . 3-49 

TL751L08 . 3-49 

TL751L10 . 3-49 

TL751L12 . 3-49 

TL751M05 . 3-59 

TL751M08 ...3-59 

TL751M10 . 3-59 

TL751M12 . 3-59 

TL75LP05 . 3-35 

TL75LP08 . 3-35 

TL75LP10 . 3-35 

TL75LP12 . 3-35 

TL75LP48 . 3-35 

TL7702A . 5-3 

TL7702B . 5-15 

TL7705A . 5-3 

TL7705B . 5-15 

TL7709A . 5-3 

TL7712A . 5-3 

TL7715A . 5-3 

TL7757 . 5-25 

TL7759 . 5-37 

TL7770-12 . 5-43 

TL7770-15 . 5-43 

TL7770-5 . 5-43 

TL780-05 . 3-71 

TL780-12 . 3-71 

TL780-15 . 3-71 


Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


TL783 . 

TLC7705 .... 
TLE2425 .... 
TLE2426 .... 
TLV2217-33 . . 
TLV431A .... 
TPS1100 .... 
TPS1101 .... 
TPS1110 .... 
TPS1120 .... 
TPS2010 .... 
TPS2011 .... 
TPS2012 .... 
TPS2013 .... 
TPS2201 .... 
TPS2202 .... 
TPS2202A . . . 
TPS2205 .... 
TPS2811 .... 
TPS2812 .... 
TPS2814 .... 
TPS2815 .... 
TPS5904 .... 
TPS5904A . . . 
TPS6734 .... 
TPS7101 .... 
TPS7133 .... 
TPS7133QPWP 
TPS7148 .... 
TPS7150 .... 
TPS7201 .... 
TPS7233 .... 
TPS7248 .... 
TPS7250 .... 
TPS7301 .... 
TPS7333 .... 
TPS7348 .... 
TPS7350 .... 
TPS9103 .... 

UA723 . 

UA7805 . 

UA7806 . 

UA7808 . 

UA7810 . 

UA7812 . 

UA7815 . 

UA7818 . 

UA7824 . 

UA7885 . 

UA78L02 .... 
UA78L05 . . . . 
UA78L06 .... 
UA78L08 .... 
UA78L09 .... 


3-79 

5- 53 
8-47 
8-61 
3-123 

3- 109 

6- 3 
6-13 
6-23 
6-35 
6-47 
6-47 
6-47 
6-47 
6-65 
6-87 
6-107 

6- 127 
8-79 
8-79 
8-79 
8-79 

7- 63 

7- 63 

4- 139 
3-129 
3-129 
3-159 
3-129 
3-129 
3-185 
3-185 
3-185 
3-185 
3-213 
3-213 
3-213 
3-213 

8- 81 
3-247 
3-259 
3-259 
3-259 
3-259 
3-259 
3-259 
3-259 
3-259 
3-259 
3-275 
3-275 
3-275 
3-275 
3-275 


1-3 







































































































































































ALPHANUMERIC INDEX 


UA78L10 . 

. 3-275 

UA78M20 . 

... 3-289 

UC2842 

UA78L12 . 

. 3-275 

UA78M24 . 

___3-289 

UC2843 

UA78L15 . 

. 3-275 

UA79M05 . 

. 3-303 

UC2844 

UA78M05 . 

. 3-289 

UA79M06 . 

. 3-303 

UC2845 

UA78M06 . 

. 3-289 

UA79M08 . 

. 3-303 

UC3842 

UA78M08. 

. 3-289 

UA79M12 . 

. 3-303 

UC3843 

UA78M09 . 

. 3-289 

UA79M15 . 

. 3-303 

UC3844 

UA78M10 . 

. 3-289 

UA79M20 . 

. 3-303 

UC3845 

UA78M12 . 

UA78M15 . 

. 3-289 

. 3-289 

UA79M24. 

. 3-303 



4-157 

4-157 

4-157 

4-157 

4-157 

4-157 

4-157 

4-157 


Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


1-4 
































NEW DEVICE INDEX 


TILSOOt Precision Linear Optocoupler . 7-47 

TIL300At Precision Linear Optocoupler . 7-47 

TL1454 Dual Channel Pulse-Width-Modulation (PWM) Control Circuit . 4-101 

TL2218-285 Excalibur Current-Mode SCSI Terminator . 8-39 
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TL75LP10 Low-Dropout Voltage Regulators . 3-35 

TL75LP12 Low-Dropout Voltage Regulators . 3-35 

TL75LP48 Low-Dropout Voltage Regulators . 3-35 

TLC7705 Micropower Supply Voltage Supervisors . 5-53 

TLV2217-33 Low-Dropout 3.3-V Fixed Voltage Regulators . 3-123 

TLV431A Low-Voltage Adjustable Precision Shunt Regulators . 3-109 

TPS1100 Single P-Channel Enhancement-Mode MOSFETS . 6-3 

TPS1101 Single P-Channel Enhancement-Mode MOSFETS . 6-13 

TPS1110 Single P-Channel Logic-Level MOSFETS . 6-23 

TPS1120 Dual P-Channel Enhancement-Mode MOSFETS . 6-35 

TPS2010 Power-Distribution Switches . 6-47 

TPS2011 Power-Distribution Switches . 6-47 

TPS2012 Power-Distribution Switches . 6-47 

TPS2013 Power-Distribution Switches . 6-47 

TPS2201 Dual-Slot PC Card Power-Interface Switches For Parallel PCMCIA Controllers . 6-65 

TPS2202 Dual-Slot PC Card Power-Interface Switches For Serial PCMCIA Controllers . 6-87 

TPS2202A Dual-Slot PC Card Power-Interface Switch With Reset For Serial PCMCIA 

Controller . 6-107 

TPS2205t Dual-Slot PC Card Power-Interface Switch With Suspend Mode For Parallel 

PCMCIA Controller . 6-129 

TPS281lt Dual High-Speed MOSFET Drivers . 8-79 

TPS2812t Dual High-Speed MOSFET Drivers . 8-79 

TPS2814t Dual High-Speed MOSFET Drivers . 8-79 

TPS2815t Dual High-Speed MOSFET Drivers . 8-79 

TPS5904 Opto-lsolated Feedback Amplifiers . 7-63 

TPS5904A Opto-lsolated Feedback Amplifiers . 7-63 

TPS6734 Fixed 12-V 120-mA Boost-Converter Supply . 4-139 

TPS7101 Low-Dropout Voltage Regulators . 3-129 

TPS7133 Low-Dropout Voltage Regulators . 3-129 

TPS7133QPWP Micropower Low-Dropout Voltage Regulators . 3-159 

TPS7148 Low-Dropout Voltage Regulators . 3-129 

TPS7150 Low-Dropout Voltage Regulators . 3-129 

TPS7201 Micropower Low-Dropout Voltage Regulators . 3-185 

TPS7233 Micropower Low-Dropout Voltage Regulators . 3-185 

TPS7248 Micropower Low-Dropout Voltage Regulators . 3-185 

TPS7250 Micropower Low-Dropout Voltage Regulators . 3-185 

TPS7301 Low-Dropout Voltage Regulators With Integrated Delayed Reset Function . 3-213 

TPS7333 Low-Dropout Voltage Regulators With Integrated Delayed Reset Function . 3-213 

TPS7348 Low-Dropout Voltage Regulators With Integrated Delayed Reset Function . 3-213 

TPS7350 Low-Dropout Voltage Regulators With Integrated Delayed Reset Function . 3-213 

TPS9103 Power Supply For GaAs Powers Amplifiers . 8-81 

t This is a product preview data sheet. 
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fixed output voltage series pass regulators 


DEVICE 

Vo 

(V)NOM 

•o 

(mA) 

MAX 

TOL 

(%) 

•q 

(mA) TYP 

Vdo 

(V) 

TYP-MAX 

Vjmax 

(V) 

LDO 

SHUT 

DOWN 

svst 

Ta 

DESCRIPTION 

POSITIVE OUTPUT VOLTAGE | 

TPS7233 



2 

155|iA 

0.14-0.18 

10 

X 

X 


-40°C to 125°C 

Very low dropout PMOS 

TPS7333 



2 

340 |iA 

0.044-0.06 

10 

X 

X 

X 

-40°C to 125°C 

Lowest dropout PMOS with SVS 

TLV2217-33 



1 

19 

0.4-0.5 

12 

X 



0°C to 125°C 

Low dropout pnp 

TPS7133 



2 

285 pA 

0.047-0.060 

10 

X 

X 


-40°C to125°C 

Lowest droput PMOS 

TPS7248 



2 

155pA 

0.09-0.1 

10 

X 

X 


-40°C to125°C 

Very low dropout PMOS 

TPS7348 



2 

340 pA 

0.028 - 0.037 

10 

X 

X 

X 

-40°C to 125°C 

Lowest dropout PMOS with SVS 

TL75LP48 


300 

2 

4 

0.12-0.2 

23 

X 

X 


-40°Cto 125°C 

Low dropout pnp 

TPS7148 


500 

2 

285 pA 

0.03 - 0.037 

10 

X 

X 


-40°C to 125°C 

Lowest dropout PMOS 

|iA78L05A 



5 

380 

2.5-3 

20 




-40°Cto 125°C 

General purpose, low current 

pA78L05 



10 

3.8 

2-3 

20 




-40X to 125°C 

General purpose, low current 

TL750L05 



4 

10 

0.2-0.6 

26 

X 



-40°C to 150°C 

Low dropout pnp, low current 

TL751L05 


150 

4 

10 

0.2-0.6 

26 

X 

X 


-40°C to 150°C 

Low dropout pnp, low current, shutdown 

LM2930-5 



10 

18 

0.32-0.6 

26 

X 



-40°C to150°C 

3-terminal low-dropout pnp 

TPS7250 



2 

155 pA 

0.76 - 0.85 

10 

X 

X 


-40°C to125°C 

Very low dropout PMOS 

TPS7350 

5 


2 

340 pA 

0.27-0.035 

10 

X 

X 

X 

-40°Cto125°C 

Lowest dropout PMOS with SVS 

TL75LP05 

300 

2 

4 

0.12-0.2 

23 

X 

X 


-40°C to125"C 

Low dropout pnp 

TPS7150 


500 

2 

285 pA 

0.27-0.033 

10 

X 

X 


-40°C to 125°C 

Lowest dropout PMOS 

pA78M05 


5 

4.5 

2-3 

25 




0°C to 125°C 

General purpose, medium current 

TL750M05 



1 

60 

0.5-0.6 

26 

X 



-40°C to 125°C 

Low dropout pnp, high current 

TL751M05 


750 

1 

60 

0.5-0.6 

26 

X 

X 


-40°Cto 125°C 

Low dropout pnp, high current, shutdown 

TL780-05 



1 

5 

2-3 

25 




0°C to 125°C 

High current, upgrade for .uA7805 

pA7805 


1500 

10 

4.2 

2-3 

25 




-40°C to 125°C 

General purpose, high current 

pA78L06A 


1 r\r\ 

5 

3.9 

2.5-3 

20 




0°C to 125°C 

General purpose, low current 

|iA78L06 

6 

lUU 

10 

3.9 

2.5-3 

20 




0°Cto 125°C 

General purpose, low current 

|iA78M06 

500 

5 

4.5 

2-3 

25 




0°C to 125°C 

General purpose, medium current 

jiA7806 


1500 

10 

4.3 

2-3 

25 




0°C to 125°C 

General purpose, high current 


t Supply-voltage supervisor 
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fixed output voltage series pass regulators (continued) 


DEVICE 

Vo 

(V) NOM 

lO 

(mA) 

MAX 

TOL 

(%) 

•q 

(mA) TYP 

VdO 

(V) 

TYP-MAX 

V|max 

(V) 

LDO 

SHUT 

DOWN 

svst 

Ta 

DESCRIPTION 

I POSITIVE OUTPUT VOLTAGE (CONTINUED) | 

|xA78L08A 

8 

100 

5 

4 

2.5-3 

23 




0°Cto 125°C 

General purpose, low current 

HA78L08 

10 

4 

2.5-3 

23 




0°Cto 125°C 

General purpose, low current 

TL750L08 

150 

4 

10 

0.2 - 0.7 

26 

X 



-40°Cto150°C 

Low dropout pnp, low current 

TL751L08 

4 

10 

0.2-0.7 

26 

X 

X 


-40®C to 150°C 

Low dropout pnp, low current, shutdown 

LM2930-8 

10 

18 

0.32-0.6 

26 

X 



-40°C to150°C 

3-terminal low-dropout pnp 

TL75LP08 

300 

2 

4 

0.12-0.2 

23 

X 

X 


-40°C to 125°C 

Low dropout pnp 

|tA78M08 

500 

5 

4.6 

2.5-3 

25 




0°C to 125°C 

General purpose, medium current 

TL750M08 

750 

1 

60 

0.5-0.7 

26 

X 



-40°C to 125°C 

Low dropout pnp, high current 

TL751M08 

1 

60 

0.5-0.7 

26 

X 

X 


-40°C to 125°C 

Low dropout pnp, high current, shutdown 

IIA7808 

1500 

10 

4.3 

2.5-3 

25 




0°Cto 125°C 

General purpose, high current 

|tA7885 

8.5 

10 

4.3 

2-3 

25 




0°C to 125°C 

General purpose, high current 

|iA78L08A 

9 

100 

5 

4.1 

2.5-3 

24 




0°Cto 125°C 

General purpose, low current 

jTA78L09 

10 

4.1 

2.5-3 

24 




0°Cto 125*^0 

General purpose, low current 

)liA78M09 

500 

5 

4.6 

2.5-3 

26 




0°C to 125°C 

General purpose, medium current 

^A78L10A 

10 

100 

5 

4.2 

2.5-3 

25 




0°C to 125°C 

General purpose, low current 

|xA78L10 

10 

4.2 

2.5-3 

25 




0°Cto 125°C 

General purpose, low current 

TL750L10 

150 

4 

10 

0.2-0.8 

26 

X 



-40°C to 150°C 

Low dropout pnp, low current 

TL751L10 

4 

10 

0.2-0.8 

26 

X 

X 


-40°C to150°C 

Low dropout pnp, low current, shutdown 

TL75LP10 

300 

2 

4 

0.12-0.2 

23 

X 

X 


-40°C to 125°C 

Low dropout pnp 

^iA78M10 

500 

5 

4.6 

2.5-3 

28 




0°Cto125°C 

General purpose, medium current 

TL750M10 

750 

1 

60 

0.5-0.8 

26 

X 



-40°Cto125°C 

Low dropout pnp, high current 

TL751M10 

1 

60 

0.5-0.8 

26 

X 

X 


-40°C to 125°C 

Low dropout pnp, high current, shutdown 

IIA810 

1500 

10 

4.3 

2.5-3 

28 




0°C to 125°C 

General purpose, high current 


t Supply-voltage supervisor 
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fixed output voltage series pass regulators (continued) 


DEVICE 

Vo 

(V) NOM 

'0 

(mA) 

MAX 

TOL 

(%) 

Iq 

(mA) TYP 

VdO 

(V) 

TYP-MAX 

V|max 

(V) 

LDO 

SHUT 

DOWN 

svst 

Ta 

DESCRIPTION 

POSITIVE OUTPUT VOLTAGE (CONTINUED) | 

I1A78L12A 

12 

100 

5 

4.3 

2.5-3 

27 




-40°Cto 125°C 

General purpose, low current 

|iA78L12 

10 

4.3 

2.5-3 

27 




-40°C to 125°C 

General purpose, low current 

TL750L12 

150 

4 

10 

0.2-0.9 

26 

X 



-40°C to 150°C 

Low dropout pnp, low current 

TL751L12 

4 

10 

0.2-0.9 

26 

X 

X 


-40°C to 150°C 

Low dropout pnp, low current, shutdown 

TL75LP12 

300 

2 

4 

0.12-0.2 

23 

X 

X 


-40°C to 125°C 

Low dropout pnp 

|iA78M12 

500 

5 

4.8 

2.5-3 

30 




0°C to 125°C 

General purpose, medium current 

TL750M12 

750 

1 

60 

0.9-0.9 

26 

X 



-40°C to 125°C 

Low dropout pnp, high current 

TL751M12 

1 

60 

0.9-0.9 

26 

X 



-40°C to 125°C 

Low dropout pnp, high current, shutdown 

TL780-12 

1500 

1 

5.5 

2.5-3 

30 




0°Cto125°C 

High current, upgrade for |iA7812 

)iA7812 

10 

4.3 

2.5-3 

30 




-40°C to ^25°C 

General purpose, high current 

)xA78L15A 

15 

100 

5 

4.6 

2.5-3 

30 




0°Cto125°C 

General purpose, low current 

|liA78L15 

10 

4.6 

2.5-3 

30 




0°Cto125°C 

General purpose, low current 

|^A78M15 

500 

5 

4.8 

2.5-3 

30 




0°C to 125°C 

General purpose, medium current 

TL780-15 

1500 

1 

5.5 

2.5-3 

30 




0"Cto125°C 

High current, upgrade for pA7815 

^A7815 

10 

4.4 

2.5-3 

30 




O^C to 125^^0 

General purpose, high current 

|iA7818 

18 

10 

4.5 

3-3 

33 




0°C to125°C 

General purpose, high current 

^A78M20 

20 

500 

5 

4.9 

3-3 

35 




0°C to 125°C 

General purpose, medium current 

^A78M24 

24 

5 

5 

3-3 

38 




0°Cto125°C 

General purpose, medium current 

|iiA7824 

1500 

10 

4.6 

3-3 

38 




0°C to125°C 

General purpose, high current 


t Supply-voltage supervisor 
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fixed output voltage series pass regulators (continued) 


DEVICE 

Vo 

(V) NOM 

lO 

(mA) 

MAX 

TOL 

(%) 

•q 

(mA) TYP 

Vdo 

(V) 

TYP-MAX 

> 

LDO 

SHUT 

DOWN 

svst 

Ta 

DESCRIPTION 

NEGATIVE OUTPUT VOLTAGE I 

MC79L05A 

-5 

100 

5 

5 

2-3 

-20 




0°Cto 125°C 

Negative low current 

MC79L05 

10 

10 

2-3 

-20 




0°Cto125°C 

Negative low current 

pA79M05 

500 

5 

1 

2-3 

-25 




0°Cto125°C 

Negative general purpose, medium current 

1IA79M06 

-6 

500 

5 

1 

2-3 

-25 




0°Cto 125°C 

Negative general purpose, medium current 

pA79M08 

-8 

500 

5 

1 

2.5-3 

-25 




0°Cto125°C 

Negative general purpose, medium current 

MC79L12A 

-12 

100 

5 

5 

2.5-3 

-27 




0°C to 125°C 

Negative low current 

MC79L12 

10 

10 

2.5-3 

-27 




0°C to 125°C 

Negative low current 

pA79M12 

500 

5 

1.5 

2.5-3 

-30 




0°Cto 125°C 

Negative general purpose, medium current 

MC79L15A 

-15 

100 

5 

5 

2.5-3 

-30 




0°C to125°C 

Negative low current 

MC79L15 

10 

10 

2.5-3 

-30 




0°C to 125°C 

Negative low current 

|xA79M15 

500 

5 

1.5 

2.5 - 3 

-30 




0°C to 125°C 

Negative general purpose, medium current 

pA79M20 

-20 

500 

5 

1.5 

3-3 

-35 




0°Cto125°C 

Negative general purpose, medium current 

pA79M24 

-24 

500 

5 

1.5 

3-3 

-38 




0°C to125°C 

Negative general purpose, medium current 


t Supply-voltage supervisor 


SELECTION GUIDE 

LINEAR VOLTAGE REGULATORS 





























































































































POST OFFICE BOX 655303* DALLAS, TEXAS 75265 


adjustable series pass regulators 


DEVICE 

Vo 

(V) 

MIN-MAX 

lO 

(mA) 

MAX 

TOL 

(%) 

•q 

(mA) TYP 

VdO 

(V) 

TYP-MAX 

X 

is 

> 

LDO 

SHUT 

DOWN 

svst 

Ta 

DESCRIPTION 

TL317 

1.2-32 

100 

4 

1.5 

2.5-3 

35 




0°C to125°C 

General purpose low current adjustable 

TPS7201 

1.2-9.75 

250 

3 

155|iA 

0.16-0.27 

10 

X 

X 


-40°C to 125°C 

Very low dropout PMOS adjustable 

TPS7301 

1.2-9.75 

250 

3 

340 |iA 

0.052-0.085 

10 

X 

X 

X 

-40°C to 125°C 

Lowest dropout PMOS with SVS 

TPS7101 

1.2-9.75 

500 

3 

285 |iA 

0.052-0.085 

10 

X 

X 


-40°C to 125°C 

Lowest dropout PMOS adjustable 

TL783 

1.2-125 

700 

6 

15 

10-15 

125 




0°Cto 125°C 

High voltage high current adjustable 


t Supply-voltage supervisor 


adjustable shunt regulators 



DEVICE 

Vref 

(V) 


Vo 

(V) 

MIN-MAX 

TOL 

(%) 

X 

is 

> 

TEMP CO 
(ppm/°C) TYP 

DESCRIPTION 

TLV431 

1.24 

0.1-15 

CO 

1 

> 

1 

6 

46 

Low voltage adjustable shunt reference 

TL1431 

2.5 

1-100 

Vref “ 36 

0.40 

36 

30 

Precision adjustable shunt reference 

TL431 

2.5 

1-100 

Vref-36 

2 

36 

30 

Adjustable shunt reference 

TL431A 

2.5 

1 -100 

CO 

CO 

1 

> 

1 

36 

30 

Precision adjustable shunt reference 

TL430 

2.75 

2-100 

o 

CO 

1 

> 

9 

30 

120 

Adjustable shunt reference 
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voltage references 



DEVICE 

Vref 

(V) 

TOL 

(%) 

Izmin 

(pA) 

l^max 

(mA) 

LT1004-1.2 

1.2 

0.30 

10 


LM385B-1.2 

1 

10 

[m^iiiiiii 

LM385-1.2 

2 

10 

20 

LT1004-2.5 

2.5 

0.80 

20 

20 

LM336B-2.5 

01 

400 

10 

LM385B-2.5 

1.5 

20 

20 

LT1009 

2 

400 

20 

LM385-2.5 

3 

20 

20 

LM336-2.5 

4 

400 

10 



DESCRIPTION 


Micropower precision reference 
Micropower reference 

Micropower reference (LM185/285 temperature grades also available) 
Micropower precision reference 

Precision voltage reference (LM236 temperature grade also available) 
Micropower precision reference 
Voltage reference 

Micropower reference (LM185/285 temperature grades also available) 
Voltage reference (LM236 temperature grade also available)_ 
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supply voltage supervisors 


DEVICE 

Vt 

(V) 

TOL 

(%) 

Ice 

(mA) MAX 

V| min 
(V) 

OVS+ 

PROGRAMMABLE 
TIME DELAY 

COMPLEMENTARY 

OUTPUTS 

DESCRIPTION 

TL7702A 

pgmt 

2 

3 

3.60 


X 

X 

Single SVS with programmable undervoltage threshold and 
reset time delay 

TL7702B 

pgmt 

2 

3 

■1 


X 

X 

Single SVS with programmable undervoltage threshold and 
reset time delay 

TLC7705 

4.55 

1.5 

25|iA 

■ 


X 

X 

Single micropower SVS (5 V) with programmable time delay 
and push-pull outputs 

TL7705A 

4.55 

2 

3 

3.60 


X 

X 

Single SVS for 5 V systems with programmable time delay 

TL7705B 

4.55 

2 

3 

1 


X 

X 

Single SVS for 5 V systems with programmable time delay 

TL7757 

4.55 

3 

40iiA 

1 




3-terminal SVS for 5 V systems 

TL7759 

4.55 

3 

40 pA 

1 



X 

4-terminal SVS for 5 V systems 

TL7770-5 

4.55 

■ 

5 

■ 

X 

X 

X 

Dual SVS, 5 V and programmable with programmable time 
delay 

TL7709A 

7.60 

2 

3 

3.60 


X 

X 

Single SVS for 9 V systems with programmable time delay 

TL7712A 

10.80 

2 

3 

3.60 


X 

X 

Single SVS for 12 V systems with programmable time delay 

TL7770-12 

10.90 

■ 

5 

■ 

X 

X 

X 

Dual SVS, 12 V and programmable with programmable time 
delay 

TL7715A 

13.50 

2 

3 

3.60 


X 

X 

Single SVS for 15 V systems with programmable time delay 

TL7770-15 

13.64 

1 

5 

1 

X 

X 

X 

Dual SVS, 15 V and programmable with programmable time 
delay 


t Programmable using external resistor divider, 
t Overvoltage sense (programmable) 
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switching power suppiy controiiers 



OUTPUTS 



MODE 

TYPE 


CONTROLTOPOLOGY 

V||S| RANGE (VDC) 

OUTPUT CURRENT (mA) 

MAX FREQUENCY (kHz) 

REFERENCE VOLTAGE (V) 

Vreftolerance (%) 

SHUTDOWN 

OPERATING/STANDBY 
CURRENT (mA) 

DEAD TIME CONTROL 

MAX DUTY CYCLE (%) 

SINGLED ENDED 

FIXED PUSH-PULL 

SINGLE SWITCH OUTPUTS 

TOTEM POLE 

PROGRAMMABLE OUTPUTS 

UNDERVOLTAGE LOCKOUT 

ON-BOARD AMPLIFIERS 

CURRENT-SENSE AMPLIFIERS 

o> 

(0 

c 

0) 

jn 

lU 

(/) 

_i 

0. 

ffi 

Ui 

2 

g 

DEVICES 

Voltage-Mode PWM 

7-40 

1^3 

^^3 

5 

30 


6/NA 

Y 

03 

Y 

D 

Y 

— 

Y 


2 

- 


TL494, 494M 

8-40 

HEI 

3HI 

wm 

4 

D 

?/8 

o 

30 

— 

D 

■a 

— 



B 

B 


SG2524 

7-40 



5 

1 


12.4/9 

Y 


D 

■a 

D 

— 

Y 

Y 

2 

— 


TL594 

7-40 


3EEI 

5 

1 


15/NA 

11 

30 

n 

la 

- 

la 

D 

■a 

B 

- 


TL598, 598M 

3.6-50 

lll^ 

3^3 

m3 

4 


1.7/1.3 

Y 

30 

Y 

— 

Y 

- 



B 

— 


TL1451A 

3.6-20 

IBS! 

BEEI 

3mi 

m 


3.5/3.1 

Y 

03 

Y 

— 

— 

la 


B 

B 

— 


TL1454 

3.6-40 

WBH 


1 

5 


1.1/1 

Y 


Y 

— 

D 

— 


Y 

1 

— 


TL5001 

9.5-40 

m3 


DS3 

5 


2.3/NA 

o 

— 

Y 

— 

Y 

— 



1 

1 

Y 

pA723 

Current-Mode 

PWM 

5-12 


m3 

3mi 

■1 

D 

1.2/0.003 

o 

— 

Y 

— 

D 

— 



1 

B 

Y 

TPS6734 

30t 

1^3 

3mi 


■1 


11/NA 

o 

■a 

■a 

— 

— 

D 


B 

B 

B 

B 

UC284X 

30t 

imsi 


5 

2 


11/NA 

o 

■a 

Y 

— 

— 

D 


B 

B 

1 

Y 

UC384X 

Fixed 

On-Time 

V-Mode 

1.1-20 


■a 

■a 

■El 


— 

o 

— 

Y 

— 

Y 

— 



1 

— 


TL496C 

1.1-35 

3^3 



5 


0.8/NA 

o 

— 

Y 

— 

Y 

— 



1 

- 


TL499A 

4.5-12 


3E3 

MB 

5 

D 

11/6 

o 

- 

Y 

- 

Y 

- 



1 

1 


TL497A 


t Low*level voltage varies with UVLO value. 
t Fixed 9-V output. 
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optoisolators 


DEVICE 

Vise 

(PEAK) 

(kV) 

LED VFt 
(MAX) 

(V) 

VCE (SAT) 
(MAX) 

(V) 

RISE TIME 
(TYP) 

(l^s) 

FALL TIME 
(TYP) 

(|AS) 

BASE 

CONNECTION 

CTR (MIN) 
(%) 

PACKAGE 

4N25 

2.5 

1.5 

0.5 

2t 

2t 

Yes 

20 

6 Pin DIP 

4N26 

1.5 

1.5 

0.5 

2t 

2t 

Yes 

20 

6 Pin DIP 

4N27 

1.5 

1.5 

0.5 

2t 

2t 

Yes 

10 

6 Pin DIP 

4N28 

0.5 

1.5 

0.5 

2t 

2t 

Yes 

10 

6 Pin DIP 

4N35 

3.5 

1.5 

0.3 

10 

10 

Yes 

100 

6 Pin DIP 

4N36 

2.5 

1.5 

0.3 

10 

10 

Yes 

100 

6 Pin DIP 

4N37 

1.5 

1.5 

0.3 

10 

10 

Yes 

100 

6 Pin DIP 

6N135 

3 

1.7 

0.4 

1 

0.7 

Yes 

7 

8 Pin DIP 

6N136 

3 

1.7 

0.4 

0.6 

0.6 

Yes 

19 

8 Pin DIP 

HCPL4502 

3 

1.7 

0.4 

0.6 

0.6 

No 

19 

8 Pin DIP 

MCT2 

1.5 

1.5 

0.4 

5* 


Yes 

20 

6 Pin DIP 

MCT2E 

3.5 

1.5 

0.4 

5t 

5t 

Yes 

20 

6 Pin DIP 

TIL191 

3.5 

1.4 

0.4 

6 

6 

No 

20 

4 Pin DIP 

TIL191A 

3.5 

1.4 

0.4 

6 

6 

No 

50 

4 Pin DIP 

TIL191B 

3.5 

1.4 

0.4 

6 

6 

No 

100 

4 Pin DIP 

Till 92 

3.5 

1.4 

0.4 

6 

6 

No 

20 

8 Pin DIP 

TIL192A 

3.5 

1.4 

0.4 

6 

6 

No 

50 

8 Pin DIP 

TIL192B 

3.5 

1.4 

0.4 

6 

6 

No 

100 

8 Pin DIP 

TiL193 

3.5 

1.4 

0.4 

6 

6 

No 

20 

16 Pin DIP 

TIL193A 

3.5 

1.4 

0.4 

6 

6 

No 

50 

16 Pin DIP 

TIL193B 

3.5 

1.4 

0.4 

6 

6 

No 

100 

16 Pin DIP 


t At 10 mA 

t Phototransistor operation 
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optoisolators with triac output 
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GLOSSARY 

VOLTAGE REGULATOR TERMS AND DEFINITIONS 


SERIES REGULATORS 


Bias Current 

The operating current of the device; the difference between input and output current. This current is usually the 
current that flows in the ground or reference terminal of the regulator and may be load dependent. Also referred 
to as quiescent current. 

Current-Limit Sense Voltage 

A voltage proportional to the load current that controls the current-limit circuitry. 

Dropout Voltage 

The input-to-output differential voltage at which the circuit ceases to regulate against further reductions in input 
voltage. 

Feedback Sense Voltage 

A voltage proportional to the output voltage that controls the regulator. 

Input Regulation (Line Regulation) 

The change In output voltage due to a change in Input voltage, often expressed as a percentage of the output 
voltage. 

Low Dropout Regulator (LDO) 

A voltage regulator that can operate with an Input-to-output differential voltage that is lower than the typical 
series regulator (approximately 2 V). Operation at lower differential voltages allows for the use of lower voltage 
inputs and better efficiency. 

Output Noise Voltage 

The RMS output voltage with constant output current and constant input voltage, often expressed as a 
percentage of the output voltage. Output noise voltage is always specified over a given range of frequencies. 

Output Impedance 

The ratio of the change in output voltage to the change in output current during normal operation. A lower value 
Indicates better regulation of the output voltage. Output impedance Is a function of frequency; at f=0, this 
becomes output resistance. 

Output Regulation (Load Regulation) 

The change in output voltage due to a change in load current, often expressed as a percentage of the output 
voltage. 

Output Voltage Change With Temperature 

The change In the output voltage due to a change in temperature, often expressed In parts per million per °C. 

Output Voltage Long-Time Drift 

The change in output voltage over a given long period of time, such as 100 hours or one year. 
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GLOSSARY 

VOLTAGE REGULATOR TERMS AND DEFINITIONS 


Peak Output Current 

The maximum output current that can be obtained from the regulator due to the limits of the circuitry within the 
regulator. 

Reference Voltage 

The voltage (usually fixed) that is compared with the feedback voltage to control the regulator. The output 
tolerance of the regulator is determined primarily by the tolerance of this voltage. 

Ripple Rejection 

The ratio of the peak-to-peak input ripple voltage to the peak-to-peak output ripple voltage, usually expressed 
in dB. This is the reciprocal of ripple sensitivity. Ripple rejection is a function of frequency and typically decreases 
as frequency Increases. 

Ripple Sensitivity 

The ratio of the peak-to-peak output ripple voltage to the peak-to-peak input ripple voltage usually expressed 
in dB. This Is the reciprocal of ripple rejection. 

Series Regulator 

A circuit that regulates the output voltage by controlling the impedance of an active device, operating In a linear 
mode, in series with the output. 

Short-Circuit Output Current 

The output current of the regulator with the output shorted to ground. 

Standby Current 

The input current drawn by a regulator, with a shutdown or enable terminal, when the output voltage is disabled 
and with no reference voltage load. 

Temperature Coefficient of Output Voltage (<^V|o) 

The average value of the ratio of the change in output voltage to the change in temperature over the total 
temperature range, often expressed as parts per million per °C. 
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VOLTAGE REGULATOR TERMS AND DEFINITIONS 


SHUNT REGULATORS 


Anode 

The terminal of the regulator from which load current flows when the regulator is biased for regulation. 

Cathode 

The terminal of the regulator that sinks external load current when the regulator is biased for regulation. 

Dynamic Impedance (Zka) 

The ratio of a change in voltage across the regulator to the corresponding change in current through the 
regulator when biased for regulation. This is a function of frequency; at f=0, this becomes dynamic resistance. 

Noise Voltage (V^) 

The RMS output voltage with constant output current and constant input voltage, often expressed as a 
percentage of the output voltage. Output noise voltage is always specified over a given range of frequencies. 

Reference Input Voltage (V^ef) (of an adjustable shunt regulator) 

The voltage at the reference input terminal with respect to the anode terminal. 

Regulator Current (l^) 

The allowable range of dc current through the regulator when it is biased for regulation. 

Regulator Voltage (V^) 

The dc voltage from cathode to anode of the regulator. 

Shunt Regulator 

A device that has a voltage-current characteristic similar to that of a voltage-regulator diode. The device controls 
the output voltage by sinking excess current, flowing through a series resistance, away from the load. It Is 
normally biased to operate in a region of low differential resistance (corresponding to the breakdown region of 
a regulator diode) that varies so as to control the voltage across the device to a constant value. 

Temperature Coefficient of Reference Voltage ( oc Vref) 

The ratio of the average change in reference voltage to the change in temperature over the totai temperature 
range. This vaiue can be stated in parts per million per °C (ppm/“C) or as a percentage of the reference voitage. 
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GLOSSARY 

VOLTAGE REGULATOR TERMS AND DEFINITIONS 


SWITCHING REGULATORS 


Bode Plot 

A design aid used to visualize a transfer function consisting of a logarithmic horizontal scale for frequency and 
a linear vertical scale for gain in dB or phase in degrees. 

Charge Pump 

A converter topology that uses the transfer of charge through one or more capacitors to generate an output 
voltage that Is higher than the Input voltage. 


CSA 

Canadian Standards Association, an independent organization that establishes and tests safety standards for 
electronic systems and components in Canada. 

Compensation Network 

The components connected around the error amplifier of a switching regulator which tailor the frequency 
response of the control loop. The compensation network reduces phase shift around the control loop so as to 
achieve sufficient phase margin for stability. 

Conditionally Stable 

Description of a control loop that has a phase shift of 360° at some frequency less than the unity-gain frequency, 
but has a phase shift of less than 360° at unity gain. This loop oscillates when the gain is reduced to unity at 
the frequency where the phase shift is 360°. A reduction in gain is possible at startup, under abnormal load 
conditions, or as the components age. 

Continuous Mode 

A conduction mode In which current in the inductor or transformer of the converter flows during the entire cycle. 

Converter (dc-dc) 

A network of reactive components and switching elements that transforms power from one dc voltage level to 
another. The circuit may or may not provide isolation from the Input to the output. 

Crossover Frequency 

The frequency at which the loop response of the regulator drops to unity gain (0 dB). Also known as the 
unity-gain bandwidth of the converter or unity-gain frequency. This frequency determines the response time for 
transient recovery. 

Cross Regulation 

The change in output voltage of one output of a multiple output power supply caused by a load change on 
another output; usually expressed in percent. 

Crow Bar Circuit 

A protection circuit the prevents excessive output voltage from reaching the load by shorting the output to 
ground. Typically, a crow bar circuit employs an semiconductor-controller rectifier (SCR) to short the output to 
ground and a series fuse to break the circuit before the regulator is damaged. 
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GLOSSARY 

VOLTAGE REGULATOR TERMS AND DEFINITIONS 


Current-Mode PWM Control 

A PWM control technique consisting of two feedback loops; an inner loop that senses the inductor current and 
an outer loop that senses the output voltage and is used as a reference for the inner loop control. Current-mode 
control Improves the stability of the control loop of many converter topologies, and provides various other 
benefits such as pulse-by-pulse current limiting. 

Dead Time 

A fixed, load-independent off-time between output pulses of a switching regulator, sometimes referred to as 
blanking time. Dead time control is employed to limit the maximum duty cycle of a converter to prevent damage 
caused by such occurrences as crossover conduction. 

Discontinuous Mode 

A conduction mode in which current in the Inductor or transformer of the converter drops to zero and remains 
at zero for a finite period of time during each cycle. 

Duty Cycle 

The ratio of on-time of the switching element to the operating period of this element. 

Dynamic Response (Transient Response) 

Output voltage change that occurs in response to a step change in load current or line voltage. 

Efficiency 

Ratio of the total output power divided by the total input power of a power supply, usually expressed as a 
percentage and measured at full-rated load current and at nominal input voltage. 


ESL 


Equivalent Series Inductance, the parasitic Inductance in series with the ideal capacitance within a real 
capacitor. 


ESR 


Equivalent Series Resistance, the parasitic resistance in series with the Ideal capacitance within a real capacitor, 
originating from the lead resistance, terminal losses, etc. 

Faraday Shield 

An electrostatic shield within transformers that reduces both coupling capacitance between windings and output 
common-mode noise. This shield is placed between the primary and secondary windings. 

(Input Voltage) Feedforward Compensation 

A technique to increase the loop response to supply voltage changes by controlling the ramp level as a function 
of the input voltage. 


Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


1-21 





GLOSSARY 

VOLTAGE REGULATOR TERMS AND DEFINITIONS 


Gain Margin 

The amount that loop gain is reduced below zero dB at the frequency where there is exactly 360° of phase shift 
around the control loop. This is the amount of gain that would need to be added to the loop in order for it to 
oscillate. 

Holdup Time 

The period of time that a power supply output voltage remains within its specified operating conditions after loss 
of Input power. 

Input Transient (Line Transient) 

A voltage spike or step change in the input of a power supply. 

Inverter 

A type of switching converter that accepts dc input power and changes it to ac power. 

Line Transient 

See input transient. 

Load Regulation 

The dc change in output voltage caused by a change in output load, often express as a percentage of the 
nominal output voltage. 

Loop Response 

The frequency response of the regulator, often expressed as a Bode plot. The total loop response is the 
small-signal, open-loop transfer function around the control loop and Is determined by the total gain and the 
phase shift of the output filter, output sensing network, error amplifier (with its compensation network), and the 
power modulator stage. 

Off-Line Power Suppiy 

A power supply that operates directly from the ac mains. The input voltage is rectified and filtered to a high dc 
voltage before any isolation transformer. 

Output Reguiation 

See load regulation. 

Overcurrent Protection 

A protection circuit that prevents damage to the regulator by sensing an overcurrent condition and limiting 
excessive current flow or shutting down the regulator. 

Overvoltage 

A condition In which the output voltage magnitude is greater than the maximum specified limit. For both positive 
and negative regulators, the voltage Is farther away from zero. 
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GLOSSARY 

VOLTAGE REGULATOR TERMS AND DEFINITIONS 


Output Impedance 

The ratio of the change in output voltage to the change in output current during normal operation, A lower value 
Indicates better regulation of the output voltage. Output impedance is a function of frequency; at f=0, this 
becomes output resistance. 

Parallel Operation 

A multiple output switching configuration in which two or more output stages supply power to the same load 
simultaneously. This configuration is used when one supply cannot meet the power demands of the load or for 
redundancy in case of failure of one supply. 

Phase Margin 

The difference between the phase shift around the control loop at the unity gain frequency and 360°. When the 
phase shift Is less than 360°, the phase margin is positive. Generally, at least 45° of phase margin Is needed 
to ensure stability over manufacturing variations and to reduce overshoot. 


Pole 


A point where the open-loop transfer function of the control loop asymptotically approaches Infinity as a result 
of a term in the denominator approaching zero. A frequency breakpoint of the loop response that causes 20 dB 
per decade reduction in gain and a shift of 90° In phase margin. 

Post Regulator 

A circuit on the output of the power supply that improves the output regulation and/or reduces ripple or noise. 

Power Factor Correction (PFC) 

A design technique the changes the input current waveform of a power supply from a pulsed waveform (the 
result of charging the input capacitor) to a sinusoidal waveform that reduces EMI injected Into the source. Power 
factor is proportional to the percentage of time during the cycle that current flows in the input. A power factor 
of 11ndicates a sine wave input, while a value less than 1 indicates the presence of harmonic current in the Input 
circuit. 

Power Good Signal 

A signal generated within a power supply to Indicate that the output of the supply is operating within its specified 
tolerances. 

Power Modulator Stage 

The section of the regulator that processes the power from one dc level to another dc level. This includes the 
comparator that converts the error signal to pulse width information, the power switch, and the 
transformer/inductor. 

Power Modulator Gain 

The small-signal gain of the power modulator stage. Because the modulator Is a switched circuit, state-space 
averaging techniques are required to derive its gain, but the gain can be approximated as the maximum change 
In output voltage divided by the maximum change in ramp voltage, usually expressed in dB. 
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GLOSSARY 

VOLTAGE REGULATOR TERMS AND DEFINITIONS 


Pulse-Width-Modulation (PWM) Control 

A switching regulator technique in which regulation is accomplished by changing the duty cycle of the power 
switch. 

Push-Pull Operation 

A dual output switching configuration in which two power switches conduct alternately. 

Ramp 

The output voltage of the oscillator stage of a voltage-mode controller that Is compared to the error signal in the 
comparator to generate the duty cycle control signal. The peak-to-peak level of the ramp determines the gain 
of the modulator stage. 

Remote Sensing 

A design technique to reduce output-voltage error induced by the impedance of the output-load cables by 
including the load cables within the feedback loop. This is done by connecting separate voltage sensing cables 
at the load that do not carry any load current. 

Resonant Mode 

A control technique that regulates the output by controlling the operating frequency while turning off the power 
switch when the current through it (ZCS) or the voltage across it (ZVS) is zero. 

Right-Haif-Plane Zero 

A frequency breakpoint of the loop response that causes the gain to rise 20 dB per decade but causes the phase 
to fall 90°. This phenomenon is present in continuous-mode boost and flyback converters and is extremely 
difficult to compensate for. 

Single-Ended Operation 

A single output switching configuration. 

Soft Start 

A protection circuit that prevents current surges during power up and protects against false signals that might 
be generated by the control circuit when power Is applied. 

SMPS 

Switch-mode power supply. Any of a class of power converters that control the output voltage by switching the 
Input voltage. 

Synchronous Rectification 

A design technique to increase converter efficiency by reducing the conduction losses in the commutation 
rectifier of a converter. This is typically done by replacing the diode with a transistor that is turned on when the 
rectifier would be expected to conduct. 
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GLOSSARY 

VOLTAGE REGULATOR TERMS AND DEFINITIONS 


Temperature Coefficient 

The average change in a parameter, such as output voltage, per degree of temperature change, usually 
expressed as a percentage over the specified temperature range or ppm/°C. 

Transient Recovery Time 

The time required for the output of a power supply to settle back Into Its specified tolerance range after a step 
change In load current or line voltage. This Is also called settling time. 

Transient Response 

The response of the converter to step changes In load or line variations. 


TUV 


Technischer Uberwachungs-Verin, a German organization approved for testing products" to VDE standards. 

UL 

Underwriters Laboratories, the U.S. independent organization that conducts safety testing of products to 
established standards. 

Unconditionally Stable 

Description of a control loop that generally does not oscillate under any line/load conditions or when the loop 
gain is reduced. An unconditionally stable loop has less than 360° of phase shift for all frequencies less than 
or equal to unity-gain frequency. 

Undervoltage 

A condition in which the output voltage magnitude is less than the minimum specified limit. For both positive and 
negative regulators, the voltage is closer to zero. 

Undervoltage Lockout (UVLO) 

A protection circuit that prevents switching outputs from turning on until a certain supply voltage threshold is 
reached so as to prevent excessive dissipation on the switches and possible damage to the circuit. 

Variable Frequency Control 

A switching regulation technique in which a fixed output on-time or off-time is maintained. Regulation is 
accomplished by changing the output frequency to vary the duty cycle. 


VDE 


Verband Deutscher Elektrotechniker, the German organization that sets standards for product safety and noise 
emissions and also tests and certifies products to those standards. 

Voltage-Mode Control 

A PWM control technique consisting of a single feedback loop that controls the output voltage by comparing it 
to a fixed reference voltage. 
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VOLTAGE REGULATOR TERMS AND DEFINITIONS 


Zero 

A point where the open-loop transfer function of the control loop approaches zero as a result of a term in the 
numerator approaching zero. A frequency breakpoint of the loop response where the gain rises 20 dB per 
decade and a 90° rise in the phase margin. 
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LM185-1.2, LM285-1.2, LM385-1.2, LM385B-1.2, LM385Y-1.2 
MiCROPOWER VOLTAGE REFERENCES 

SLVS075B - APRIL 1989 - REVISED AUGUST 1995 


• Operating Current Range 

- LM185...10jiAto20mA 

- LM285...10^Ato20mA 

- LM385...15^iAto20mA 

- LM385B...15iLiAto20mA 

• 1% and 2% Initial Voltage Tolerance 
e Reference Impedance 

~ LM185 ... 0.6 Q. Max at 25°C 

- LM385...1 QMaxat25°C 

- All Devices ... 1.5 n Max Over Full 
“ Temperature Range 

• Very Low Power Consumption 

• Applications: 

- Portable Meter References 
“ Portable Test Instruments 

- Battery-Operated Systems 

- Current-Loop Instrumentation 

- Panel Meters 

• Designed to be Interchangeable With 
National LM185-1.2, LM285-1.2, and 
LM385-1.2 

description 

These micropower two-terminal band-gap voltage references operate over a 10-pA to 20-mA current range and 
feature exceptionally low dynamic impedance and good temperature stability. On-chip trimming provides tight 
voltage tolerance. The LM185-1.2 series band-gap reference has low noise and long-term stability. 

The LM185-1.2 series design makes the devices exceptionally tolerant of capacitive loading and thus easier 
to use in most reference applications. The wide dynamic operating temperature range accommodates varying 
current supplies with excellent regulation. 

The extremely low-power drain of the LM185-1.2 series makes them useful for micropower circuitry. These 
voltage references can be used to make portable meters, regulators, or general-purpose analog circuitry with 
battery life approaching shelf life. The wide operating current range allows them to replace older references with 
tighter-tolerance parts. 

The LM185-1.2 is characterized for operation over the full military temperature range of -55°C to 125°C. The 
LM285-1.2 is characterized for operation from -40°C to 85°C. The LM385-1.2 and LM385B-1.2 are 
characterized for operation from 0°C to 70°C. 


AVAILABLE OPTIONS 


Ta 

Vz 

TOLERANCE 

PACKAGED DEVICESt 

CHIP FORM 
(Y) 

SMALL OUTLINE 
(D) 

PLASTIC 

(LP) 

0°C to 70°C 

2% 

LM385D-1.2 

LM385LP-1.2 

LM385Y-1.2 

1% 

LM385BD-1.2 

LM385BLP-1.2 

-40°C to 85°C 

1% 

LM285D-1.2 

LM285LP-1.2 

-55°C to 125°C 

1% 

LM185D-1.2 

LM185LP-1.2 


t For ordering purposes, the decimal point in the part number must be replaced with a hyphen (i.e., show 
the -1.2 suffix as 

The D package is available taped and reeled. Add the suffix R to the device type (e.g., LM385DR-1 -2). 
The chip form is tested at T^ = 25"’C. 


D PACKAGE 
(TOP VIEW) 


NC[ 1 ^ 8 ] CATHODE 
NC[ 2 7 ] NC 

NC[ 3 6 ] NC 

ANODE[ 4 5 ] NC 

LP PACKAGE 
(TOP VIEW) 



NC-No internal connection 


symbol 


ANODE 


CATHODE 



PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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LM185-1.2, LM285-1.2, LM385-1.2, LM385B-1.2, LM385Y-1.2 
MICROPOWER VOLTAGE REFERENCES 

SLVS075B-APRIL 1989-REVISED AUGUST 1995 _ _ 


schematic 



absolute maximum ratings over operating free-air temperature ranget 


Reverse current, IR ...... 30 mA 

Forward current, Ip ...... ■ ■ 10 mA 

Operating free-air temperature range, 1^; LM185-1.2 .. -55°C to 125°C 

LM285-1.2 .-40°Cto85°C 

LM385-1.2, LM385B-1.2 ... 0°C to 70°C 

Storage temperature range, Tgtg .. -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .. 260°C 


t Stresses beyond those listed under “absolute maximum ratings” rnay cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


recommended operating conditions 



MIN 

MAX 

UNIT 

Reference current, Iz 

0.01 

20 

mA 


LM185-1.2 

-55 

125 

■i 

Operating free-air temperature range, Ta 

LIVI285-1.2 

-40 

85 



LM385-1.2, LM385B-1.2 

0 

70 

■i 
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LM185-1.2, LM285-1.2, LM385-1.2, LM385B-1.2, LM385Y-1.2 
MICROPOWER VOLTAGE REFERENCES 

SLVS075B - APRIL 1989 - REVISED AUGUST 1995 


LM385Y-1.2 chip information 

This chip, when properly assembled, displays characteristics similar to the LM385-1.2 (see electrical tables). 
Thermal compression or ultrasonic bonding can be used on the doped aluminum bonding pads. The chip can 
be mounted with conductive epoxy or a gold-silicon preform. 
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electrical characteristics at specified free-air temperature 



PARAMETER 

TEST 

CONDITIONS 

TAt 

LM185-1.2 

LM285-1.2 

LM385-1.2 

LM385B-1.2 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

V 2 Reference voltage 

I2 = lminto20 mA^ 

25<^C 

1.223 1.235 1.247 

1.21 1.235 1.26 

1.223 1.235 1.247 

V 

Average temperature coefficient of reference 
“VZ voltage§ 

l 2 = lmin to 20 mA^ 

,25°C 

±20 

±20 

±20 

ppm/°C 

AV 2 Change in reference voltage with current 

l 2 = 1 min to 1 mA^ 

25°C 

1 

1 

1 

mV 

Full range 

1.5 

1.5 

1.5 

l 2 = 1 mA to 20 mA 

25°C 

12 

20 

20 

Full range 

30 

30 

30 

AV 2 /At Long-term change In reference voltage 

l2 = 100 pA 

25°C 

±20 

±20 

±20 

ppm/khr 

! 2 min Minimum reference current 


Full range 

8 10 

8 15 

8 15 

pA 

Z 2 Reference impedance 

l2 = 100 pA, 
f = 25 Hz 

25°C 

CO 

d 

cv 

d 

0.4 1 

0.4 1 

Q 

Full range 

1.5 

1.5 

1.5 

Vn Broadband noise voltage 

l2 = lOOpA, 
f= 10 Hz to 10 kHz 

25°C 

60 

60 

60 

pV 


t Full range is -55°C to 125°C for the LM185-1.2, -40°C to 85°C for the LM285-1.2, and 0°C to 70'^C for the LM385-1.2 and LM385B-1.2. 

11 min = 10 for the LM185-1.2 and LM285-1.2. Imin = 15 ^lA for the LM385-1.2 and LM385B-1.2. 

§ The average temperature coefficient of reference voltage is defined as the total change in reference voltage divided by the specified temperature range. 
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electrical characteristics, = 25°C 





LM385Y-1.2 

UNIT 




MIN TYP 

MAX 

Vz 

Reference voltage 

IZ = 15 pA to 20 mA 

1.21 1.235 

1.26 

V 

avz 

Average temperature coefficient of reference voltaget 

Iz = 15 |iA to 20 mA 

±20 

ppm/°C 

AVz 

Change in reference voltage with current 

IZ = 15 pA to 1 mA 

1 

mV 

Iz = 1 mA to 20 mA 

20 

AVz/At 

Long-term change in reference voltage 

N 

II 

o 

o 

> 

±20 

ppm/khr 

Izmin 

Minimum reference current 


8 

15 

pA 


Reference impedance 

lz= 100 pA 

0.4 1 

Q 

Vn 

Broadband noise voltage 

IZ=100 IliA, 
f= 10 Hz to 10 kHz 

60 

pV 


t The average temperature coefficient of reference voltage is defined as the total change in reference voltage divided by the specified temperature 
range. 
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SLVS075B - APRIL 1989 - REVISED AUGUST 1995 

TYPICAL CHARACTERISTICSt 


REVERSE CURRENT 


vs 



0 0.2 0.4 0.6 0.8 1 1.2 1.4 

Vr - Reverse Voltage - V 

Figure 1 


FORWARD VOLTAGE 


vs 



0.01 0.1 1 10 100 
Ip “ Forward Current - mA 

Figure 3 


REFERENCE VOLTAGE CHANGE 


vs 



0.01 0.1 1 10 100 
Ir - Reverse Current - mA 

Figure 2 

REFERENCE VOLTAGE 


vs 



-55 -35 -15 5 25 45 65 85 105 125 

Ta - Free-Air Temperature - '’C 

Figure 4 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICSt 


REFERENCE IMPEDANCE 
vs 



0.01 0.1 1 10 
Iz - Reference Current - mA 

Figure 5 

OUTPUT NOISE VOLTAGE 
vs 

CUTOFF FREQUENCY 


100 



NOISE VOLTAGE 
vs 

FREQUENCY 



Figure 6 


TRANSIENT RESPONSE 



Figure 7 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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APPLICATION INFORMATION 



t Adjust for 11.15 mV at 25°C across 953 Q 
t Adjust for 12.17 mV at 25°C across 412 Q 


Figure 9. Thermocouple Cold-Junction Compensator 


V+ 2.3V<V+<30V 



Figure 10. Operation Over a 
Wide Supply Range 


9V 

I 499 kQ 
it - 1.2 V 

ii LM385-1.2 

Figure 11. Reference From a 9-V Battery 
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• Operating Current Range ... 20 |xA 
to 20 mA 

• 1.5% and 3% Initial Voltage Tolerance 

• Reference Impedance 

- LM185 ... 0.6 Q Max at 25°C 

- LM385 ... 1 n Max at 25°C 

- All Devices ... 1.5 n Max Over Full 
~ Temperature Range 

• Very Low Power Consumption 

• Applications: 

- Portable Meter References 

- Portable Test instruments 

- Battery-Operated Systems 

- Current-Loop Instrumentation 

- Panel Meters 

• Designed to be Interchangeable With 
National LM185-2.5, LM285-2.5, and 
LM385-2.5 


D PACKAGE 
(TOP VIEW) 



LP PACKAGE 
(TOP VIEW) 


ANODE 
CATHODE 
NC 

NC-No internal connection 

symbol 



description 


CATHODE 


These micropower two-terminal band-gap voltage references operate over a 20-pA to 20-mA current range and 
feature exceptionally low dynamic impedance and good temperature stability. On-chip trimming provides tight 
voltage tolerance. The LM185-2.5 series band-gap reference has low noise and long-term stability. 

The LM185-2.5 series design makes these devices exceptionally tolerant of capacitive loading and thus easier 
to use In most reference applications. The wide dynamic operating temperature range accommodates varying 
current supplies with excellent regulation. 

The extremely low power drain of the LM185-2.5 series makes them useful for micropower circuitry. These 
voltage references can make portable meters, regulators, or general-purpose analog circuitry with battery life 
approaching shelf life. The wide operating current range allows them to replace older references with tighter 
tolerance parts. 

The LM385-2.5 and LM385B-2.5 are characterized for operation from 0°C to 70°C. The LM285-2.5 is 
characterized for operation from -40°C to 85°C. The LM185-2.5 Is characterized for operation over the full 
military temperature range of -55°C to 125°C. 


AVAILABLE OPTIONS 



Ta 

Vz 

TOLERANCE 

0°C to 70°C 

3% 

1.5% 

-40X to 85°C 

1.5% 

-55°Cto 125°C 

1.5% 


1 PACKAGED DEVICESt | 

SMALL OUTLINE 
(D) 

PLASTIC 

(LP) 

LM385D-2.5 

LM385LP-2.5 

LM385BD-2.5 

LM385BLP-2.5 

LM285D-2.5 

LM285LP-2.5 

LM185D-2.5 

LM185LP-2.5 


CHIP FORM 
(Y) 



t For ordering purposes, the decimal point in the part number must be replaced with a hyphen (i.e., show 
the -2.5 suffix as “-2-5”). 

The D package is available taped and reeled. Add the suffix R to the device type (e.g., LM385DR-2-5). 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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SLVS023D - JANUARY 1989 - REVISED AUGUST 1995 

schematic 



CATHODE 


ANODE 


absolute maximum ratings over operating free-air temperature ranget 


Reverse current, Ir ... 30 mA 

Forward current, Ip .. ... 10 mA 

Operating free-air temperature range, T^: LM185-2.5 .. -55°C to 125°C 

LM285-2.5 ...-40X to 85°C 

LM385-2.5, LM385B-2.5 . 0°C to 70°C 

Storage temperature range, Tgtg . -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from cases for 10 seconds . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


recommended operating conditions 



MIN 

MAX 

UNIT 

Reference current, Iz 

0.02 

20 

mA 


LM185-2.5 

-55 

125 

■■ 

Operating free-air temperature range, Ta 

LM285-2.5 

-40 

85 



LM385-2.5, LM385B-2.5 

0 

70 

■■ 
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LM385Y-2.5 chip information 

This chip, when properly assembled, displays characteristics similar to the LM385-2.5 (see electrical tables). 
Thermal compression or ultrasonic bonding can be used on the doped aluminum bonding pads. The chip can 
be mounted with conductive epoxy or a gold-silicon preform. 
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electrical characteristics at specified free-air temperature 


PARAMETER 

TEST CONDITIONS 

TAt 

LM185-2.5 
LM285-2.5 

LM385-2.5 

LM385B-2.5 

UNIT 

MIN TYP MAX 

MIN TYP MAX 


Vz Reference voltage 

IZ = 20 jiA to 20 mA 

25°C 

2.462 2.5 2.538 

2.425 2.5 2.575 

2.462 2.5 2.538 

V 

Average temperature coefficient of 
reference voltage t 

IZ = 20 pA to 20 mA 

25°C 

±20 

±20 

±20 

ppm/°C 

AVz Change in reference voltage with current 

IZ = 20 pA to 1 mA 

25°C 

1 

2 

2 

mV 

Full range 

1.5 

2 

2 

IZ = 1 pA to 20 mA 


10 

20 

20 

Full range 

30 

30 

30 

AVz/At Long-term change in reference voltage 

IZ= 100pA 

25°C 

±20 

±20 

±20 

ppm/khr 

•Z(min) Minimum reference current 


Full range 

8 20 

8 20 

8 20 

pA 

Zz Reference impedance 

IZ=100pA 

25‘’C 

0.2 0.6 

0.4 1 

0.4 1 

Q 

Full range 

1.5 

1.5 

1.5 

Vn Broadband noise voltage 

IZ=100pA, 
f = 10 Hz to 10 kHz 

25°C 

120 

120 

120 

pV 


t Full range is 0°C to 70°C for the LM385-2.5 and LM385B-2.5, -40°C to 85°C for the LM285-2.5, and -55®C to 125°C for the LM185-2.5. 
t The average temperature coefficient of reference voltage is defined as the total change in reference voltage divided by the specified temperature range. 
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LM185-2.5, LM285-2.5, LM385B-2.5, LM385Y-2.5 
MICROPOWER VOLTAGE REFERENCES 













































































LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5, LM385Y-2.5 
MICROPOWER VOLTAGE REFERENCES 


SLVS023D - JANUARY 1989 - REVISED AUGUST 1995 


electrical characteristics at = 25°C 


PARAMETER 

TEST CONDITIONS 

LM385Y-2.5 

UNIT 

MIN TYP MAX 

vz 

Reference voltage 

IZ = 20 (xA to 20 mA 

2.462 2.5 2.575 

V 

avz 

Average temperature coefficient of reference voltage t 

Iz = 20 )liA to 20 mA 

±20 

ppm/°C 

AV7/At 

Long-term change in reference voltage 

IZ=100pA 

±20 

ppm/khr 

Zz 

Reference impedance 

IZ=100^lA 

0.4 1 

O 

Vn 

Broadband noise voitage 

IZ= 100 ^A, 
f= 10 Hz to 10 kHz 

120 

pV 


t The average temperature coefficient of reference voitage is defined as the total change in reference voltage divided by the specified temperature 
range. 
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LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2,5, LM385Y-2.5 
MICROPOWER VOLTAGE REFERENCES 


SLVS023D - JANUARY 1989 - REVISED AUGUST 1995 

TYPICAL CHARACTERISTICSt 


REVERSE CURRENT 


VS 



0 0.5 1 1.5 2 2.5 3 

Vr - Reverse Voltage - V 

Figure 1 

FORWARD VOLTAGE 


vs 



0.01 0.1 1 10 100 
Ip - Forward Current ~ mA 

Figure 3 


REFERENCE VOLTAGE CHANGE 


vs 



0.01 0.1 1 10 100 
Ir - Reverse Current - mA 

Figure 2 

REFERENCE VOLTAGE 


vs 



-55 -35 -15 5 25 45 65 85 105 125 

Ta “ Free-Air Temperature - °C 

Figure 4 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5, LM385Y-2.5 
MICROPOWER VOLTAGE REFERENCES 


SLVS023D - JANUARY 1989 - REVISED AUGUST 1995 

TYPICAL CHARACTERlSTICSt 


REFERENCE IMPEDANCE 


VS 



0.01 0.1 1 10 100 
I 2 - Reference Current - mA 

Figure 5 

NOISE VOLTAGE 
vs 

FREQUENCY 



10 100 Ik 10 k 100 k 

f - Frequency - Hz 


REFERENCE IMPEDANCE 


vs 



0.01 0.1 1 10 100 1000 
f - Frequency - kHz 

Figure 6 


FILTERED RMS OUTPUT NOISE VOLTAGE 
vs 

FREQUENCY 



f - Frequency - kHz 


Figure 7 


Figure 8 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
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LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5, LM385Y-2.5 
MICROPOWER VOLTAGE REFERENCES 


SLVS023D - JANUARY 1989 - REVISED AUGUST 1995 

TYPICAL CHARACTERISTICSt 


TRANSIENT RESPONSE 



Figure 9 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5, LM385Y-2.5 
MICROPOWER VOLTAGE REFERENCES 


SLVS023D - JANUARY 1989 - REVISED AUGUST 1995 

APPLICATION INFORMATION 



Figure 10. Thermocouple Cold-Junction Compensator 


V+ 3.7V<V+<30V 



9V 


: 221 ka 


LM385-2.5 


Figure 12. Reference From a 9-V Battery 


Figure 11. Operation Over a 
Wide Supply Range 
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LM236-2.5, LM336-2.5, LM336Y-2.5 
2.5-V INTEGRATED REFERENCE CIRCUITS 


SLVS063A- NOVEMBER 1988 - REVISED AUGUST 1995 


• Low Temperature Coefficient 

• Wide Operating Current... 400 
to 10 mA 

• 0.27-a Dynamic impedance 

• ±1% Tolerance Available 

• Specified Temperature Stability 

• Easily Trimmed for Minimum Temperature 
Drift 

• Fast Turn-On 

• Three-Lead Transistor Package 
description 


D PACKAGE 
(TOP VIEW) 


NC 

NC 

NC 

ANODE 



CATHODE 

NC 

NC 

ADJ 


NC-No internal connection 

LP PACKAGE 
(TOP VIEW) 



Lj anode 

n CATHODE 


The LM236-2.5 and LM336-2.5 integrated circuits I □ cathode 

are precision 2.5-V shunt regulator diodes. These □ J adj 

monolithic references operate as low temperature 

coefficient 2.5-V zeners with a 0.2-0. dynamic symbol 

impedance. A third terminal provided on the circuit ^ 

allows the reference voltage and temperature anode ►t cathode 

coefficient to be easily trimmed. | 

The series are useful as precision 2.5-V 
low-voltage references (V^) for digital voltmeters, 

power supplies, or operational amplifier circuitry. The 2.5-V voltage reference makes It convenient to obtain a 
stable reference from 5-V logic supplies. Since the series operate as shunt regulators, they can be used as either 
positive or negative voltage references. 

The LM236-2.5 is characterized for operation from -25°C to 85°C. The LM336-2.5 Is characterized for operation 
from 0°C to 70°C. 


available options 



PACKAGED DEVICES 

^UID CmQM 

Ta 

SMALL OUTLINE 
(D) 

PLASTIC 

(LP) 

(Y) 

0°C to 70°C 

LM336D-2.5 

LM336LP-2.5 

LM336Y-2.5 

-25°C to 85X 

LM236D-2.5 

LM236LP-2.5 

- 


The D package is available taped and reeled. Add the suffix R to the device type (i.e., 
LM336DR-2.5). 


PRODUCTION DATA information is current as of pubiication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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LM236-2.5, LM336-2.5, LM336Y-2.5 
2.5-V INTEGRATED REFERENCE CIRCUITS 


SLVS063A- NOVEMBER 1988 - REVISED AUGUST 1995 


schematic diagram 



All component values are nominal 

LM336Y-2.5 chip information 

This chip, when properly assembled, displays characteristics similar to the LM336-2.5 (see electrical tables). 
Thermal compression or ultrasonic bonding can be used on the doped aluminum bonding pads. The chip can 
be mounted with conductive epoxy or a gold-silicon preform. 



BONDING PAD ASSIGNMENTS 




CATHODE 

( 2 ) 




CHIP THICKNESS: 

15 MILS TYPICAL 

BONDING PADS: 

4x4 MILS MINIMUM 

Tjmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 


'I'l'I'I'I'I'I'I'I'I'I'I'I'I'l'l'I'ITI'I'I'ITl' 
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LM236-2.5, LM336-2.5, LM336Y-2.5 
2.5-V INTEGRATED REFERENCE CIRCUITS 


SLVS063A- NOVEMBER 1988 - REVISED AUGUST 1995 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Reverse current, Ir . 20 mA 

Forward current, Ip . 10 mA 

Operating free-air temperature range, T^: LM236-2.5 .-25°C to 85°C 

LM336-2.5 .. 0°Cto70°C 

Storage temperature range, Tstg . “65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or LP package . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


electrical characteristics at specified free-air temperature (unless otherwise noted) 





Ta* 

LM236-2.5 

LM336-2.5 

UNIT 





MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Vz 

Reference voltage 

Iz = 1 mA 

LM236, LM336 

25°C 

2.44 

2.49 

2.54 

2.39 

2.49 

2.59 


LM236A, LM336B 

2.465 

2.49 

2.515 

2.44 

2.49 

2.54 


AVz(AT) 

Change In reference 
voltage with 
temperature§ 

Vz adjusted to 2.490 V, 

Iz = 1 mA 

Full range 


3.5 

9 


1.8 

6 

mV 

AVz(AI) 

Change in reference 



25°C 


2.6 

6 


2.6 

10 

mV 

voltage with current 


Full range 


3 

10 


3 

12 

^Vz(At) 

Long-term change 
in reference voltage 

Iz = 1 mA 

25°C 

20 

20 

ppm/khr 


Reference 

Iz = 1 mA, 

f = 1 kHz 

25°C 


0.2 

0.6 


0.2 

1 

Q 

Zz 

impedance 

Full range 


0.4 

1 


0.4 

1.4 


t Full range is -25°C to 85°C for the LM236-2.5 and 0°C to 70°C for the LM336-2.5. 

§ Temperature stability (change in reference voltage with temperature) for these devices is ensured by design. Design limits are specified over the 
indicated temperature and supply voltage ranges. These limits are not used to calculate outgoing quality levels. 


electrical characteristics, Ta = 25''C 


PARAMETER 

TEST CONDITIONS 

LM336Y-2.5 

UNIT 

MIN TYP 

MAX 

Vz 

Reference voltage 

N 

II 

3 

> 

2.39 2.49 

2.59 

V 

AVz(AI) 

Change In reference voltage with current 

Iz = 400 p,A to 10 mA 

2.6 

10 

mV 

AVz(At) 

Long-term change In reference voltage 

Iz = 1 mA 

20 

ppm/khr 

Zz 

Reference impedance 


0.2 

1 
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LM236-2.5, LM336-2.5, LM336Y-2.5 
2.5-V INTEGRATED REFERENCE CIRCUITS 


SLVS063A- NOVEMBER 1988- REVISED AUGUST 1995 


TYPICAL CHARACTERISTICS 


CHANGE IN REFERENCE VOLTAGE 


NOISE VOLTAGE 

vs 


vs 

REFERENCE CURRENT 


FREQUENCY 

Ta = 25«C 

IZ = 1 mA 
_ Ta = 25°C 



Iz - Reference Current - mA 

f - Frequency - Hz 

Figure 1 

Figure 2 

REFERENCE IMPEDANCE 


vs 


FREQUENCY 



f - Frequency - kHz 


^ 1 ^ Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


2-24 


















LM236-2.5, LM336-2.5, LM336Y-2.5 
2.5-V INTEGRATED REFERENCE CIRCUITS 


SLVS063A- NOVEMBER 1988 - REVISED AUGUST 1995 

APPLICATION INFORMATION 


5V 

I 2.49 kQ 
2.5 V 

LM236-2.5 '▲- NC 




Figure 3. 2.5-V Reference 



t Any silicon signal diode 
t Adjust to 2.49 V 


V| = 3.5-40V 



Figure 5. Wide Input Range 
Reference 


Figure 4.2.5-V Reference With 
Minimum Temperature Coefficient 
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LT1004C-1.2, LT1004C-2.5, LT1004M-1.2 
LT1004M-2.5, LT1004Y-1.2, LT1004Y-2.5 
MICROPOWER INTEGRATED VOLTAGE REFERENCES 

^_ SLVS022 D - J ANUARY 1 989 - REVISED A UGU ST 1995 

• Initial Accuracy 
±4 mV for LT1004-1.2 
±20 mV for LT1004-2.5 

• Micropower Operation 

• Operates up to 20 mA 

• Very Low Reference Impedance 

• Applications: 

Portable Meter Reference 
Portable Test Instruments 
Battery-Operated Systems 
Current-Loop Instrumentation 

description 

The LT1004 micropower voltage reference is a 
two-terminal band-gap reference diode designed 
to provide high accuracy and excellent 
temperature characteristics at very low operating 
currents. Optimizing the key parameters in the 
design, processing, and testing of the device 
results In specifications previously attainable only 
with selected units. 

The LT1004 is a terminal-for-termlnal replacement for the LM185 series of references with Improved 
specifications. The LT1004 Is an excellent device for use in systems in which accuracy was previously attained 
at the expense of power consumption and trimming. 

The LT1004C is characterized for operation from 0°C to 70°C. The LT1004M is characterized for operation over 
the full military temperature range of -55°C to 125°C. 


AVAILABLE OPTIONSt 



PACKAGED DEVICESi: 

r^uiD cnDM 

Ta 

vz 

TYP 

SMALL-OUTLINE 

(D) 

PLASTIC 

(LP) 

(Y) 

nor' tn THop 

1.2 V 

LT1004CD-1.2 

LT1004CLP-1.2 

LT1004Y-1.2 

U O to /\J w 

2.5 V 

LT1004CD-2.5 

LT1004CLP-2.5 

LT1004Y-2.5 


1.2 V 

LT1004MD-1.2 

LT1004MLP-1.2 


OO w to 1^0 o 

2.5 V 

LT1004MD-2.5 

LT1004MLP-2.5 



t For ordering purposes, the decimal point in the part number must be replaced with a hyphen 
(i.e., show the -1.2 suffix as -1 -2 and the -2.5 suffix as -2-5). 
tjhe packages are available taped and reeled. Add the R suffix to the device type (i.e., 
LT1004CDR). 



PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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LT1004M-2.5, LT1004Y-1.2, LT1004Y-2.5 
MICROPOWER INTEGRATED VOLTAGE REFERENCES 

SLVS022D - JANUARY 1989 - REVISED AUGUST 1995 
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LT1004C-1.2, LT1004C-2.5, LT1004M-1.2 
LT1004M-2.5, LT1004Y-1.2, LT1004Y-2.5 
MiCROPOWER INTEGRATED VOLTAGE REFERENCES 

SLVS022D - JANUARY 1989 - REVISED AUGUST 1995 


LT1004Y-1.2 and LT1004Y-2.5 chip information 

This chip, when properly assembled, displays characteristics similar to the LT1004C. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum bonding pads. The chip may be mounted with 
conductive epoxy or a gold-silicon preform. 
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LT1004C-1.2, LT1004C-2.5, LT1004M-1.2 
LT1004M-2.5, LT1004Y-1 . 2 , LT1004Y-2.5 
MICROPOWER INTEGRATED VOLTAGE REFERENCES 

SLVS022D - JANUARY 1989 - REVISED AUGUST 1995 _ 


absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)t 


Reverse current, Ir ........... 30 mA 

Forward cu rrent, I p .. 10 mA 

Operating free-air temperature range, T^: LT1004C .. 0°C to 70°C 

LT1004M .. . -55°Cto125°C 

Storage temperature range, Tgtg .. -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


electrical characteristics at specified free-air temperature 


PARAMETER 

TEST 

CONDITIONS 

Ta4 

LT1004-1.2 

LT1004-2.5 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Vz Reference voltage 

IZ=100pA 

25°C 

1.231 1.235 1.239 

2.48 2.5 2.52 

V 

Full 

range 

LT1004C 

1.225 1.245 

2.47 2.53 

LT1004M 

1.22 1.245 

2.46 2.535 

Average temperature 
avz coefficient of reference 

voltage§ 

IZ = 10pA 

25°C 

20 


ppm/°C 

IZ = 20 ^lA 


20 

. ^ Change in reference 

^ voltage with current 

l2 = Izmin to 1 mA 

25'’C 

1 

1 

mV 

Full range 

1.5 

1.5 

IZ = 1 mA to 20 mA 

25°C 

10 

10 

Full range 

20 

20 

/At change in 

^ reference voltage 

lz= lOOpA 

25°C 

20 

20 

ppm/khr 

l^min Minimum reference current 


Full range 

8 10 

12 20 

pA 

Zz Reference impedance 

N 

II 

8 

25°C 

0.2 0.6 

0.2 0.6 

a 

Full range 

1.5 

1.5 

Vn Broadband noise voltage 

lz= 100pA, 
f= 10 Hz to 10 kHz 

25°C 

60 

120 

pV 


t Full range is 0°C to 70°C for the LT1004C and -55°C to 125°C for the LT1004M. 

§ The average temperature coefficient of reference voltage is defined as the total change in reference voltage divided by the specified temperature 
range. 


electrical characteristics, Ta = 25°C 


PARAMETER 

TEST 

CONDITIONS 

LT1004Y-1.2 

LT1004Y-2.5 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Vz Reference voltage 

IZ = 100pA 

1.231 1.235 1.239 

2.48 2.5 2.52 

V 

Average temperature coefficient of reference 
“VZ voltage* 

IZ = 10pA 

20 


ppm/°C 

IZ = 20 pA 


20 

AVz/At Long-term change in reference voltage 

IZ=100pA 

20 

20 V 

ppm/khr 

Izmin Minimum reference current 


8 

12 

pA 

Zz Reference Impedance 

IZ = 100pA 

0.2 0.6 

0.2 0.6 

a 

Vn Broadband noise voltage 

IZ= lOOpA, 
f = 10 Hz to 10 kHz 

60 

120 

pV 


§ The average temperature coefficient of reference voltage is defined as the total change in reference voltage divided by the specified temperature 
range. 
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LT1004C-1.2, LT1004C-2.5, LT1004M-1.2 
LT1004M-2.5, LT1004Y-1.2, LT1004Y-2.5 
MICROPOWER INTEGRATED VOLTAGE REFERENCES 

_SLVS022D - JANUARY 1989 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTICSt 


LT1004X-1.2 
REVERSE CURRENT 
vs 


REVERSE VOLTAGE 



Vr - Reverse Voltage - V 


Figure 1 

LT1004X-1.2 

FORWARD VOLTAGE 


vs 



0.01 0.1 1 10 100 
Ip - Forward Current - mA 

Figure 3 


LT1004X-1.2 

REFERENCE VOLTAGE CHANGE 


vs 



0.01 0.1 1 10 100 
Ir - Reverse Current - mA 

Figure 2 

LT1004X-1.2 

REFERENCE VOLTAGE 
vs 

FREE-AIR TEMPERATURE 



Figure 4 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 


Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


2-31 






LT1004C-1.2, LT1004C-2.5, LT1004M-1.2 
LT1004M-2.5, LT1004Y-1.2, LT1004Y-2.5 
MICROPOWER INTEGRATED VOLTAGE REFERENCES 

SLVS022D - JANUARY 1989 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTICSt 


LT1004X-1.2 

REFERENCE IMPEDANCE 


vs 



0.01 0.1 1 10 100 
Iz - Reference Current - mA 

Figure 5 


TL1004X-1.2 

FILTERED OUTPUT NOISE VOLTAGE 
vs 

CUTOFF FREQUENCY 



Figure 7 

t Data at high and low temperatures are applicable only within the 


LT1004X-1.2 
NOISE VOLTAGE 


vs 



10 100 Ik 10 k 100 k 

f - Frequency - Hz 

Figure 6 


LT1004X-2.5 

TRANSIENT RESPONSE 



Figure 8 

operating free-air temperature ranges of the various devices. 
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LT1004C-1.2, LT1004C-2.5, LT1004M-1.2 
LT1004M-2.5, LT1004Y-1.2, LT1004Y-2.5 
MICROPOWER INTEGRATED VOLTAGE REFERENCES 

SLVS022D - JANUARY 1989 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTICSt 


LT1004X-2.5 
REVERSE CURRENT 


LT1004X-2.5 

FORWARD VOLTAGE 



vs 



0.01 0.1 1 10 100 


Vr - Reverse Voltage - V 


Ip - Forward Current - mA 


Figure 9 


Figure 10 


LT1004X-2.5 

REFERENCE VOLTAGE 


vs 



-55 -35 -15 5 25 45 65 85 105 125 


Ta - Free-Air Temperature - °C 

Figure 11 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LT1004C-1.2, LT1004C-2.5, LT1004M-1.2 
LT1004M-2.5, LT1004Y-1.2, LT1004Y-2.5 
MICROPOWER INTEGRATED VOLTAGE REFERENCES 

SLVS022D - JANUARY 1989 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTlCSt 


LT1004X-2.5 

REFERENCE IMPEDANCE 


vs 



0.01 0.1 1 10 100 
Iz - Reference Current - mA 

Figure 12 

TL1004X-2.5 

FILTERED OUTPUT NOISE VOLTAGE 


vs 



0.1 1 10 100 
Cutoff Frequency - kHz 

Figure 14 

t Data at high and low temperatures are applicable only within the rai 


LT1004X-2.5 
NOISE VOLTAGE 


vs 



10 100 Ik 10 k 100 k 

f - Frequency - Hz 

Figure 13 


LT1004X-2.5 

TRANSIENT RESPONSE 



Figure 15 

operating free-air temperature ranges of the various devices. 
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LT1004C-1.2, LT1004C-2.5, LT1004M-1.2 
LT1004M-2.5, m004Y-1.2, LT1004Y-2.5 
MICROPOWER INTEGRATED VOLTAGE REFERENCES 

SLVS022D - JANUARY 1989 - REVISED AUGUST 1995 


APPLICATION INFORMATION 


100 pF 



-5V 


11% metal-film resistors 


Figure 16. Vi(pp) Generator for EPROMs (No Trim Required) 


Network Detail 
YSI44201 



Figure 17.0°C to 100°C Linear Output Thermometer 
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LT1004C-1.2, LT1004C-2.5, LT1004M-1.2 
LT1004M-2.5, LT1004Y-1.2, LT1004Y-2.5 
MICROPOWER INTEGRATED VOLTAGE REFERENCES 

SLVS022D -JANUARY 1989 - REVISED AUGUST 1995 

APPLICATION INFORMATION 



Figure 18. Micropower 5-V Reference 



Figure 19. Low-Noise Reference Figure 20. Micropower Reference 

From 9-V Battery 



t Quiescent current = 15 |iA 
t Yellow Springs Inst. Co., Part #44007 

NOTE A: This application compensates within ± 1 °C from 0°C to 60°C. 


Figure 21. Micropower Cold-Junction Compensation for Thermocouples 
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LT1004C-1.2, LT1004C-2.5, LT1004M-1.2 
LT1004M-2.5, LT1004Y-1.2, LT1004Y-2.5 
MICROPOWER INTEGRATED VOLTAGE REFERENCES 

SLVS022D - JANUARY 1989 - REVISED AUGUST 1995 

APPLICATION INFORMATION 



Figure 22. 2.5’V Reference Figure 23. High-Stability 5-V Regulator 



Figure 24. Ground-Referenced Figure 25. Amplifier With Constant Gain 

Current Source Over Temperature 



Figure 26.1.2-V Reference From 1.5-V Figure 27. Terminal Current Source 

Battery With Low Temperature Coefficient 
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LT1004C-1.2, LT1004C-2.5, LT1004M-1.2 
LT1004M-2.5, LT1004Y-1.2, LT1004Y-2.5 
MICROPOWER INTEGRATED VOLTAGE REFERENCES 

SLVS022D - JANUARY 1989 - REVISED AUGUST 1995 _ 


APPLICATION INFORMATION 



tR1 sets trip point, 60.4 kQ per cell for 1.8 V per cell 

Figure 28. Lead-Acid Low-Battery Voitage Detector 



Figure 29. Variable Voltage Supply 
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LT1009, LT1009Y 
2.5-V INTEGRATED REFERENCE CIRCUITS 


I • Excellent Temperature Stability 
I • Initial Tolerance... 0.2% Max 
I • Dynamic Impedance... 0.6 Q Max 

• Wide Operating Current Range 

' • Directly Interchangeable With LM136 

• Needs No Adjustment for Minimum 
Temperature Coefficient 

• Surface-Mount 3-Lead Package 

description 

The LT1009 reference circuit is a precision- 
trimmed 2.5-V shunt regulator featuring low 
dynamic impedance and a wide operating current 
range. A maximum initial tolerance of ±5 mV is 
available In the FK, JG, or LP package and 
±10 mV in the D or PK package. The reference 
tolerance is achieved by on-chip trimming, which 
minimizes the initial voltage tolerance and the 
temperature coefficient ayz- 

Even though the LT1009 needs no adjustments, a 
third terminal (ADJ) allows the reference voltage 
to be adjusted ±5% to eliminate system errors. In 
many applications, the LT1009 can be used as a 
terminal-for-termlnal replacement for the 
LM136-2.5, which eliminates the external trim 
network. 

The uses of the LT1009 include a 5-V system 
reference, an 8-bit ADC and DAC reference, and 
a power supply monitor. The LT1009 can also be 
used in applications such as digital voltmeters and 
current-loop measurement and control systems. 

The LT1009C is characterized for operation from 
0°C to 70°C. The LT1009I is characterized for 
operation from -40°C to 85°C. The LT1009M is 
characterized for operation over the full military 
temperature range of -55°C to 125°C. 


logic symbol 



SLVS013E-MAY 1987 - REVISED AUGUST 1995 


D PACKAGE 
(TOP VIEW) 


NC 

NC 

NC 

ANODE 



CATHODE 

NC 

CATHODE 

ADJ 


JG PACKAGE 
(TOP VIEW) 



LP PACKAGE 
(TOP VIEW) 



ANODE 

CATHODE 

ADJ 


FK PACKAGE 
(TOP VIEW) 

LLI 
Q 
O 
I 

o O Q o 
z o z < z 

NC 
NC 
NC 

ANODE 
NC 

O O O O O 

z z z z z 
NC-No internal connection 


PK PACKAGE 
(TOP VIEW) 



CATHODE ANODE ADJ 



PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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LT1009, LT1009Y 

2.5-V INTEGRATED REFERENCE CIRCUITS 


SLVS013E - MAY 1987 - REVISED AUGUST 1995 



The D and LP packages are available taped and reeled. Add R suffix to device type (e.g., LT1009CDR). PK device is only available taped and reeled. 
No R suffix is required. 
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LT1009, LT1009Y 
2.5-V INTEGRATED REFERENCE CIRCUITS 


SLVS013E - MAY 1987 - REVISED AUGUST 1995 


LT1009Y chip information 

This chip, when properly assembled, displays characteristics similar to the LT1009C (see electrical tables). 
Thermal compression or ultrasonic bonding may be used on the doped aluminum bonding pads. The chip may 
be mounted with conductive epoxy or a gold-silicon preform. 



absolute maximum ratings over operating free-air temperature ranget 


Reverse current, Ir . 20 mA 

Forward current. Ip . 10 mA 

Continuous total power dissipation . See Dissipation Rating Tables 1 and 2 

Operating free-air temperature range, T^: LT1009C . 0°C to 70°C 

LT1009I .-40°Cto85°C 

LT1009M . -55Xto125°C 

Storage temperature range, Tgtg .. -65°C to 150°C 

Case temperature for 60 seconds, Tq: FK package . 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, LP, and PK packages . 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package . 300°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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DISSIPATION RATING TABLE 1 - FREE-AIR TEMPERATURE 


PACKAGE 

Ta<25°C 
POWER RATING 

DERATING FACTOR 
ABOVE Ta := 25°C 

Ta = 70°c 
POWER RATING 

Ta = 85°C 
POWER RATING 

Ta = 125°C 
POWER RATING 

D 

725 mW 

5.8 mW/°C 

464 mW 

377 mW 

— 

FK 

1375mW 

11.0mW/°C 

880 mW 

715mW 

275 mW 

JG 

1050 mW 

8.4 mW/°C 

672 mW 

546 mW 

210 mW 

LP 

775 mW 

6.2 mW/°C 

496 mW 

403 mW 

— 

PK 

500 mW 

4.0 mW/°C 

320 mW 

— 

— 


DISSIPATION RATING TABLE 2 - CASE TEMPERATURE 


PACKAGE 

Tc<25°C 

DERATING FACTOR 

Tc = 70°C 

POWER RATING 

ABOVE Tc = 25°C 

POWER RATING 

PK 

3125 mW 

25 mW/°C 

2000 mW 



electrical characteristics at specified free-air temperature 


PARAMETER 

TEST CONDITIONS 

TAt 

LT1009C 

LT1009I 

LT1009M 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Vz Reference voltage 

Iz = 1 mA 

FK, JG, LP package 

25°C 

2.495 2.5 2.505 

2.495 2.5 2.505 

2.495 2.5 2.505 

V 

D, PK package 

2.49 2.5 2.51 

2.49 2.5 2.51 


FK, JG, LP package 

Full range 

2.491 2.509 

2.48 2.52 

2.46 2.535 

D, PK package 

2.485 2.515 

2.475 2.525 


Vp Forward voltage 

Ip = 2 mA 

25°C 

0.4 1 

0.4 1 

0.4 1 

V 

Adjustment range 

Iz = 1 mA, Vadj = GND to Vz 

25°C 

125 

125 


mV 

Iz = 1 mA, 

Vadj = 0-6 V to Vz-0.6 V 

45 

45 

15 

y Change in reference 

Z(temp) voltage with temperature 


FK, JG, LP package 

Full range 

4 

15 

15* 

mV 

D, PK package 

5 

15 


Average temperature 
avz coefficient of 

reference voltage^ 


0°C to 70°C 

15 25 



ppm/°C 

-40°C to 85°C 


20 


-55°C to 125°C 



25 35 

y Change in reference 

^ voltage with current 

Iz = 400 pA to 10 mA 

25°C 

2.6 10 

2.6 6 

2.6 6 

mV 

Full range 

12 

10 

10 

Long-term change in 
^ reference voltage 

Iz = 1 mA 

25°C 

20 

20 

20 

ppm/khr 

Zz Reference impedance 

N 

II 

3 

> 

25°C 

0.3 1 

0.3 1 

0.3 0.6* 

Q 

Full range 

1.4 

1.4 

1* 


* On products compliant to MIL-STD-883, Class B, this parameter is not production tested, 
t Full range is 0°C to 70°C for the LT1009C, -40°C to 85°C for the LT1009I, and -55°C to 125°C for the LT1009M. 

t The average temperature coefficient of reference voltage Is defined as the total chapge in reference voltage divided by the specified temperature range. 


LT1009, LT109Y 

2.5-V INTEGRATED REFERENCE CIRCUITS 






























































































LT1009, LT1009Y 
2.5-V INTEGRATED REFERENCE CIRCUITS 


SLVSQ13E - MAY 1987 - REVISED AUGUST 1995 


electrical characteristics at = 25''C 


PARAMETER 

TEST CONDITIONS 

LT1009Y 

UNIT 

MIN TYP MAX 

Vz Reference voltage 

Iz = 1 mA 

2.49 2.5 2.51 

V 

Vp Forward voltage 

Ip = 2 mA 

0.4 1 

V 

Adjustment range 

Iz = 1 mA, Vadj = GND to Vz 

125 

mV 

IZ=1mA, VadJ = 0-6 Vto Vz~0.6V 

45 

AVz(temp) Change in reference voltage with temperature 


2.5 

mV 

Average temperature coefficient of 
reference voltaget 


15 

ppm/°C 

AVz Change in reference voltage with current 

IZ = 400 pAto 10 mA 

2.6 

mV 

AVz/At Long-term change in reference voltage 

Iz = 1 mA 

20 

ppm/khr 

Zz Reference Impedance 

Iz = 1 mA 

0.3 1 

Q 


t The average temperature coefficient of reference voltage is defined as the total change in reference voltage divided by the specified temperature 
range. 
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LT1009, LT1009Y 

2.9-V INTEGRATED REFERENCE CIRCUITS 


SLVS013E - MAY 1987 - REVISED AUGUST 1995 

TYPICAL CHARACTERISTICSt 


REFERENCE VOLTAGE 


VS 



-50 -25 0 25 50 75 100 125 

Ta - Free-Air Temperature - °C 

Figure 1 


> 

£ 

I 

o 

Oi 


I 

oc 


o 

I 

N 

> 

<1 


CHANGE IN REFERENCE VOLTAGE 


vs 



0 4 8 12 16 20 

Iz - Reference Current - mA 


Figure 2 


REVERSE CURRENT 
vs 


REVERSE VOLTAGE 



FORWARD VOLTAGE 



Ip - Forward Current- mA 


Figure 4 


tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LT1009, LT1009Y 
2.5-V INTEGRATED REFERENCE CIRCUITS 


SLVS013E - MAY 1987 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTICS 


REFERENCE IMPEDANCE 


vs 



0.01 0.1 1 10 100 
f - Frequency - kHz 

Figure 5 



o 

z 

I 

c 

> 


NOISE VOLTAGE 


vs 



10 100 Ik 10 k 100 k 

f - Frequency - Hz 


Figure 6 


TRANSIENT RESPONSE 
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LT1009, LT1009Y 

2.5-V INTEGRATED REFERENCE CIRCUITS 


SLVS013E - MAY 1987 - REVISED AUGUST 1995 


APPLICATION INFORMATION 

5Vto 35 V 
^ 3.6 kQ 

Output 


LT1009 


''-T 

^<10kQt 
^ -K Trim 


tlhls does not affect temperature coefficient. It provides ±5% trim range. 

Figure 8.2.5-V Reference 


3.6 V to 40 V 



Figure 9. Adjustabie Reference With Wide Suppiy Range 



Figure 10. Power Regulator With Low Temperature Coefficient 
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LT1009, LT1009Y 
2.5-V INTEGRATED REFERENCE CIRCUITS 


SLVS013E - MAY 1987 - REVISED AUGUST 1995 


APPLICATION INFORMATION 



Figure 11. Switchable ±1.25-V Bipolar Reference 



Figure 12. Low-Noise 2.5-V Buffered Reference 
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PWM Controllers, DC-to-DC Converters 



Supply Voltage Supervisors 


Power Distribution Switches 


Optoisoiators 



Building Blocks and Special Functions 


Applications 


Mechanical Data 
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TL317, TL317Y 
3-TERMINAL ADJUSTABLE REGULATORS 


SLVS004B - APRIL 1979 - REVISED AUGUST 1995 


Output Voltage Range Adjustable From 
1.2 V to 32 V When Used With an External 
Resistor Divider 


D PACKAGE 
(TOP VIEW) 


• Output Current Capability of 100 mA 

INPUT[ 

7 ^ 


• Input Regulation Typically 0.01% Per 

OUTPUT[ 

2 

7 

Input-Voltage Change 

OUTPUT[ 

3 

6 

• Output Regulation Typically 0.5% 

ADJUSTMENT^ 

4 

5 


iNC 

I OUTPUT 
I OUTPUT 
INC 


description 


NOTE: OUTPUT terminals are all Internally connected. 

LP PACKAGE 
(TOP VIEW) 


NC-No internal connection 


The TL317C is an adjustable 3-terminal positive- p yiEm 

voltage regulator capable of supplying 100 mA 
over an output-voltage range of 1.2 V to 32 V. It is ^ 

exceptionally easy to use and requires only two / lj input 

external resistors to set the output voltage. I [] output 

In addition to higher performance than fixed N. u adjustment 

regulators, this regulator offers full overload 
protection available only in integrated circuits. 

Included on the chip are current-limiting and nc-No internal connection 

thermal-overload protection. All overload protection circuitry remains fully functional even when ADJUSTMENT 
is disconnected. Normally, no capacitors are needed unless the device is situated far from the input filter 
capacitors, in which case an Input bypass is needed. An optional output capacitor can be added to improve 
transient response. ADJUSTMENT can be bypassed to achieve very high ripple rejection, which is difficult to 
achieve with standard 3-terminal regulators. 

In addition to replacing fixed regulators, the TL317C regulator is useful in a wide variety of other applications. 
Since the regulator is floating and sees only the input-to-output differential voltage, supplies of several hundred 
volts can be regulated as long as the maximum input-to-output differential is not exceeded. Its primary 
application is that of a programmable output regulator, but by connecting a fixed resistor between 
ADJUSTMENT and OUTPUT, this device can be used as a precision current regulator. Supplies with electronic 
shutdown can be achieved by clamping ADJUSTMENT to ground, programming the output to 1.2 V where most 
loads draw little current. 

The TL317C Is characterized for operation from 0°C to 125°C. The TL317Q Is characterized for operation from 
~40°C to125°C. 


AVAILABLE OPTIONS 



PACKAGED DEVICES 

r^uiD crr^DM 

Ta 

SMALL OUTLINE 

PLASTIC 

(Y) 


(D) 

(LP) 

Q°C to 125°C 

TL317CD 

TL317CLP 

TL317Y 

-40°C to 125°C 

TL317QD 

TL317QLP 

— 


The D and LP packages are available taped and reeled. Add R suffix to device type 
(e.g.,TL317DR). 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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TL317C, TL317Y 

3-TERMINAL ADJUSTABLE REGULATORS 


SLVS004B - APRIL 1979 - REVISED AUGUST 1995 


TL317Y chip information 

This chip, when properly assembled, displays characteristics similar to the TL317C. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum bonding pads. The chip may be mounted with 
conductive epoxy or a gold-silicon preform. 
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TL317C, TL317Y 
3-TERMINAL ADJUSTABLE REGULATORS 


SLVS004B - APRIL 1979 - REVISED AUGUST 1995 


schematic 



OUTPUT 

ADJUSTMENT 


NOTE A. All component values shown are nominal. 

absolute maximum ratings over operating temperature range (unless otherwise noted)t 

Input-to-output differential voltage, V| - Vq . ... 35 V 

Continuous total power dissipation . See Dissipation Rating Tables 1 and 2 

Operating free-air, case, T^, or virtual-junction temperature range, Tj: C Version . 0°C to 150°C 

□ Version . -40°Cto150°C 

Storage temperature range, Tstg . -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ... 260°C 

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


DISSIPATION RATING TABLE 1 - FREE-AIR TEMPERATURE 



Ta<25°C 

DERATING FACTOR 

Ta = 125°C 


POWER RATING 

ABOVE Ta = 25°C 

POWER RATING 

D 

725 mW 

5.8 mW/°C 

145 mW 

LPt 

775 mW 

6.2 mW/°C 

155 mW 



t The LP package dissipation rating is based on thermal resistance measured in still air with the 
device mounted in an Augat socket. The bottom of the package is 10 mm (0.375 in.) above the 
socket. 


DISSIPATION RATING TABLE 2 - CASE TEMPERATURE 
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TL317C, TL317Y 

3-TERMINAL ADJUSTABLE REGULATORS 


SLVS004B - APRIL 1979 - REVISED AUGUST 1995 


recommended operating conditions 



MIN 

MAX 

UNIT 

Input-to-output voltage differential, V| - Vq 

35 

V 

Output current, Iq 


100 

mA 

Operating virtual-junction temperature, Tj 

0 

125 

°C 


electrical characteristics over recommended operating virtual-junction temperature range (unless 
otherwise noted) 


PARAMETER 

TEST CONDITIONST 

TL317C, TL317Q 

UNIT 

MIN TYP MAX 

Input voltage regulation (see Npte 1) 

V|-Vo = 5Vto35V 

Tj = 25'>C 

0.01 0.02 

%V 

IO = 2.5 mAto 100mA 

0.02 0.05 

Ripple regulation 

Vo = 10 V, f = 120Hz 

65 

dB 

Vo = 10 V, 

10-pF capacitor between ADJUSTMENT and ground 

66 80 

Output voltage regulation 

V) = 5 V to 35 V, 
l 0 = 2.5 mAto 100 mA, 

Tj = 25°C 

Vo<5V 

25 

mV 

Vo > 5 V 

5 

mVA/ 

V| = 5Vto 35 V, 

Iq = 2.5 mA to 100 mA 

Vo<5V 

50 

mV 

Vo > 5 V 

10 

mVA/ 

Output voltage change with temperature 

Tj = 0°C to 125°C 


10 

mVA7 

Output voltage long-term drift (see Note 2) 

After 1000 hours at Tj = 125°C and V; - Vq = 35 V 

3 10 

mVA7 

Output noise voltage 

f= 10 Hz to 10 kHz, Tj = 25°C 

30 

[iWN 

Minimum output current to maintain regulation 

V| - Vo = 35 V 

1.5 2.5 

mA 

Peak output current 

V|-Vo<35V 

100 200 

mA 

ADJUSTMENT current 


o 

o 

o 

in 

pA 

Change in ADJUSTMENT current 

V| - Vo = 2.5 V to 35 V, lo = 2.5 mA to 100 mA 

0.2 5 

pA 

Reference voltage (output to ADJUSTMENT) 

V| - Vo = 5 V to 35 V, lo = 2.5 mA to 100 mA, 

P < rated dissipation 

1.2 1.25 1.3 

V 


t Unless otherwise noted, these specifications apply for the following test conditions: V| - Vq = 5 V and Iq = 40 mA. Pulse-testing techniques must 
be used that maintain the junction temperature as close to the ambient temperature as possible. All characteristics are measured with a 0.1-pF 
capacitor across the input and a 1 -pF capacitor across the output. 


NOTES: 1. Input voltage regulation is expressed here as the percentage change in output voltage per 1 -V change at the input 

2. Since long-term drift cannot be measured on the Individual devices prior to shipment, this specification Is not Intended to be a 
guarantee or warranty. It is an engineering estimate of the average drift to be expected from lot to lot. 
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TL317C, TL317Y 
3-TERMINAL ADJUSTABLE REGULATORS 


SLVS004B - APRIL 1979 - REVISED AUGUST 1995 


electrical characteristics over recommended operating conditions, Tj = 25''C (unless otherwise 
noted) 


PARAMETER 

TEST CONDITIONST 

TL317Y 

UNIT 

MIN TYP MAX 

Input voltage regulation (see Note 1) 

V|-Vo = 5Vto35V 

0.01 

%V 

Ripple regulation 

Vo = 10 V, f=120Hz 

65 

dB 

Vo = 10 V, 

10-|iF capacitor between ADJUSTMENT and ground 

80 

Output voltage regulation 

l 0 = 2.5 mAto 100 mA 

Vo<5 V 

25 

mV 

Vo>5 V 

5 

mVA/ 

Output noise voltage 

f = 10 Hz to 10 kHz, 

30 

pVA/ 

Minimum output current to maintain regulation 

V|-Vo = 35V 

1.5 

mA 

Peak output current 

V|-Vo<35V 

200 

mA 

ADJUSTMENT current 


50 

pA 

Change in ADJUSTMENT current 

Vi-Vo = 2.5 Vto35 V, Iq = 2.5 mA to 100 mA 

0.2 

pA 

Reference voltage (output to ADJUSTMENT) 

Vi-Vo = 5 Vto35 V, , A* A 

y. .. . Iq = 2.5 mAto 100 mA, 

P < rated dissipation ^ 

1.25 

V 


t Unless otherwise noted, these specifications apply for the following test conditions; V) - Vq = 5 V and Iq = 40 mA. Pulse-testing techniques must 
be used that maintain the junction temperature as close to the ambient temperature as possible. All characteristics are measured with a 0.1 -pF 
capacitor across the input and a 1 -pF capacitor across the output. 

NOTE 1: Input voltage regulation is expressed here as the percentage change in output voltage per 1 -V change at the input 
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TL317C, TL317Y 

3-TERMINAL ADJUSTABLE REGULATORS 


SLVS004B - APRIL 1979 - REVISED AUGUST 1995 

APPLICATJON INFORMATION 


V, 


Cl = 0.1 |IF 
(see Note A) 


TL317C 


[INPUT OUTPUT] 
ADJUSTMENT 


> R1 
'470n 




R2 


Vo 

(see Note B) 


C2 = 1 

(see Note C) 


TL317C 



Figure 1. Adjustable Voltage Regulator Figure 2. 0-V to 30-V Regulator Circuit 


TL317C 



V| 


TL317C 

INPUT OUTPUT 
ADJUSTMENT 



, 1.25 

'limit =-^ 


Figure 4. Precision Current-Limiter Circuit 


t D1 discharges C2 if output is shorted to ground. 


Figure 3. Regulator Circuit 
With Improved Ripple Rejection 


NOTES: A. 
B. 


Use of an input bypass capacitor is recommended if regulator is far from the filter capacitors 
Output voltage is calculated from the equation; Vq = ^1 + 

where: V^ef equals the difference between OUTPUT and ADJUSTMENT voltages (« 1.25 V). 


C. Use of an output capacitor improves transient response but is optional. 

( R2 + R3\ 

1 + - ^ -1 - 10 V 

where: Vref equals the difference between OUTPUT and ADJUSTMENT voltages (« 1.25 V). 
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TL317C, TL317Y 
3-TERMINAL ADJUSTABLE REGULATORS 


SLVS004B - APRIL 1979 - REVISED AUGUST 1995 


APPLICATION INFORMATION 



Figure 5. Tracking Prereguiator Circuit 


Figure 6. Slow-Turn-On 15-V 
Regulator Circuit 


TL317C TL317C 



Figure 8. Current-Limited 6-V Charger 
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TL317C, TL317Y 

3^TERMINAL ADJUSTABLE REGULATORS 

SLVS004B - APRIL 1979 - REVISED AUGUST 1995 


APPLICATION INFORMATION 


TIP73 



t Minimum load current is 30 mA. 
t Optional capacitor improves ripple rejection 

Figure 9. High-Current Adjustabie Reguiator 
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TL430C, TL430I, TL430Y 
ADJUSTABLE SHUNT REGULATORS 

_SLVS0 50A-JUNE 1976 - R E VISED AU G UST 199 5 

• Temperature Compensated 

• Programmable Output Voltage 

• Low Output Resistance 

• Low Output Noise 

• Sink Capability to 100 mA 

description 

The TL430 is a 3-terminal adjustable shunt 
regulator featuring excellent temperature stability, 
wide operating current range, and low output 
noise. The output voltage may be set by two 
external resistors to any desired value between 
3 V and 30 V. The TL430 can replace zener diodes 
in many applications providing improved perform¬ 
ance 

The TL430C is characterized for operation from 
0°C to 70°C. The TL430I Is characterized for 
operation from -40°C to 85°C. 

symboi 


LP PACKAGE 
(TOP VIEW) 




ANODE 


REF 



CATHODE 


AVAILABLE OPTIONS 


Ta 

PACKAGED DEVICESt 

CHIP FORM 
(Y) 

PLASTIC 

(LP) 

0°C to 70°C 

TL430CLP 

TL430Y 

-40X to 85°C 

TL430ILP 

— 




— ^ Copyright © 1995, Texas Instruments Incorporated 
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TL430C, TL430I, TL430Y 
ADJUSTABLE SHUNT REGULATORS 


SLVS050A-JUNE 1976-REVISED AUGUST 1995 

TL430Y chip information 

This chip, when properly assembled, displays characteristics similar to the TL430C. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum bonding pads. The chip may be mounted with 
conductive epoxy or a gold-silicon preform. 



ANODE CATHODE 

( 1 ) ^ ( 2 ) 

REF 

(3) 


CHIP THICKNESS: 

15 MILS TYPICAL 

BONDING PADS: 

4x4 MILS MINIMUM 

Tjmax = 150°C 

TOLERANCES 
ARE ±10%. 

ALL DIMENSIONS 
ARE IN MILS. 


absoiute maximum ratings over operating free-air temperature range (uniess otherwise noted)t 


Regulator voltage (see Note 1) . 30 V 

Continuous regulator current . 150 mA 

Continuous total power dissipation at (or below) T^ = 25°C (see Note 2) . 775 mW 

Operating free-air temperature range, T^i TL430C . 0°C to 70°C 

TL430I .-40°C to 85°C 

Storage temperature range, Tgtg . -65°C to 150°C 

Lead temperature 1,6 mm (1/16 Inch) from case for 10 seconds . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values are with respect to the anode terminal. 

2. For operation above 25°C free-air temperature, derate at 6.2 mW/°C. 


recommended operating conditions 
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TL430C, TL430I, TL430Y 
ADJUSTABLE SHUNT REGULATORS 


SLVS050A- JUNE 1976 - REVISED AUGUST 1995 


electrical characteristics over recommended operating conditions, = 25'^C (unless otherwise 
noted) 


PARAMETER 

TEST 

FIGURE 

TEST CONDITIONS 

TL430C 

TL430! 

UNIT 


MIN TYP max 

V|(ref) Reference input voltage 

1 

Vz = Vi(ref). IZ=10mA 


2.6 2.75 2.9 


Temperature coefficient of 
l(ref) reference input voltage 

1 

Vz = V|(ref). IZ=10mA, 

Ta = full ranget 

120 

120 200 

ppm/°C 

l|(ref) Reference input current 

2 

IZ=10mA, R1=10ka 

R2 = oo 

3 10 


^lA 

Regulator current near lower 
knee of regulation range 

1 

Vz = V|(ref) 

0.5 2 

0.5 2 

mA 

Regulator current at maximum 
limit of regulation range 

1 

Vz = V}(ref) 

50 

50 

mA 

2 

Vz = 5 V to 30 V, See Note 3 

100 

100 

Differential regulator resistance 
(see Note 4) 

1 

Vz = V|(ref), 

Alz = (52 - 2) mA 

1.5 3 

1.5 3 

Q 

Vp Noise voltage 

2 

f = 0.1 HztolOHz 

> 

CO 

II 

N 

> 

50 

50 

|iV 

Vz = 12 V 

200 

200 

Vz = 30 V 

650 

650 


t Full temperature range is 0°C to 70°C for the TL430C and -40°C to 85°C for the TL430I. 

NOTES: 3. The average power dissipation, Vz • Iz • duty cycle, must not exceed the maximum continuous rating in any 10-ms interval. 


4. The regulator resistance for Vz > V|(ref). •'z- 's given by: 



electrical characteristics over recommended operating conditions, Ta = 25''C (unless otherwise 
noted) 


PARAMETER 

TEST 

FIGURE 

TEST CONDITIONS 

TL430Y 

UNIT 

MIN TYP MAX 

V|(ref) Reference input voltage 

1 

Vz = V|(ref). IZ = 10 mA 


V 

h(ref) Reference input current 

2 

IZ=10mA, R1=10kn, 

R2 = oo 

3 10 

pA 

Regulator current near lower knee of regulation 
range 

1 

Vz = V|(ref) 

0.5 2 

mA 

Regulator current at maximum limit of regulation 
range 

1 

Vz = V|(ref) 

50 

mA 

2 

Vz = 5 V to 30 V, See Note 3 

100 

r 2 Differential regulator resistance (see Note 4) 

1 

Vz = Vi(ref), . 

Alz = (52 - 2) mA 

1.5 3 

Q 

Vp Noise voltage 

2 

,f = 0.1 Hz to 10 Hz 

> 

CO 

II 

50 

pV 

Vz = 12 V 

200 

Vz = 30 V 

650 


NOTES: 3. The average power dissipation, Vz • Iz • duty cycle, must not exceed the maximum continuous rating in any 10-ms interval. 
4. The regulator resistance for Vz > V^ref), r^, is given by: 
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TL430C,TL430I,TL430Y 
ADJUSTABLE SHUNT REGULATORS 


SLVS050A- JUNE 1976 - REVISED AUGUST 1995 

PARAMETER MEASUREMENT INFORMATION 


Input —VW- 




Vz 


t ' 

V|(rei) 


TL430 


Figure 1. Test Circuit for Vz = V|(ref) 



Vz = (l + 31) + X R1 

Figure 2. Test Circuit for Vz > Vi^j-ef) 


TYPICAL CHARACTERISTICS 


SMALL-SIGNAL REGULATOR IMPEDANCE 


vs 

FREQUENCY 



CATHODE CURRENT 
vs 

CATHODE VOLTAGE 



Figure 4 
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TL430C,TL430I, TL430Y 
ADJUSTABLE SHUNT REGULATORS 


SLVS050A - JUNE 1976 - REVISED AUGUST 1995 



Figure 5. Shunt Regulator Figure 6. Series Regulator Figure 7. Current Limiter 



Figure 8. Output Control of a 3-Terminal Figure 9. Higher-Current Applications 

Fixed Regulator 
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TL430C, TL430I, TL430Y 
ADJUSTABLE SHUNT REGULATORS 


SLVS050A- JUNE 1976 - REVISED AUGUST 1995 

APPLICATION INFORMATION 



Figure 10. Crowbar Figure 11. Vcc Monitor 
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TL431C, TL431AC, TL431I, TL431AI, TL431M, TL431Y 
ADJUSTABLE PRECISION SHUNT REGULATORS 


I • Equivalent Full-Range Temperature 
I Coefficient... 30 ppm/°C 

I • 0.2~Q Typical Output Impedance 
I • Sink-Current Capability ... 1 mA to 100 mA 
I • Low Output Noise 

• Adjustable Output Voltage ... Vj^ref) to 36 V 

• Available in a Wide Range of High-Density 

Packaging Options: 

- Small Outline (D) 

- TO-226AA(LP) 

- SOT-89 (PK) 

description 

The TL431 and TL431A are 3-terminal adjustable 
shunt regulators with specified thermal stability 
over applicable automotive, commercial, and 
military temperature ranges. The output voltage 
can be set to any value between Vi^^ef) 
(approximately 2.5 V) and 36 V with two external 
resistors (see Figure 16). These devices have a 
typical output impedance of 0.2 n. Active output 
circuitry provides a very sharp turn-on characteris¬ 
tic, making these devices excellent replacements 
for zener diodes in many applications, such as 
on-board regulation, adjustable power supplies, 
and switching power supplies. 

The TL431 is offered In a wide variety of high- 
density packaging options that includes an 
SOT-89-type package (suffix PK). 

The TL431C and TL431 AC are characterized for 
operation from 0°C to 70°C, and the TL4311 and 
TL431AI are characterized for operation from 
-40°C to 85°C. The TL431M is characterized for 
operation over the full military temperature range 
of -55°C to t25°C. 


SLVS005E - JULY 1978 - REVISED AUGUST 1995 


D OR PW PACKAGE 
(TOP VIEW) 


CATHODE 

ANODE 

ANODE 

NC 



REF 

ANODE 

ANODE 

NC 


JG OR P PACKAGE 
(TOP VIEW) 



PK PACKAGE 
(TOP VIEW) 



REF ANODE CATHODE 


LP PACKAGE 
(TOP VIEW) 



CATHODE 

ANODE 

REF 


FK PACKAGE 
(TOP VIEW) 


LU 

Q 

o 

I 


o 5 o lu o 


Z O Z DC Z 


NC 
NC 
NC 

ANODE 
NC 

O O O O O 
z z z z z 

NC - No internal connection 



PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 


Texas 

Instruments 


Copyright © 1995, Texas Instruments Incorporated 

On products compliant to MIL-STD-883, Class B, all parameters are 
tested unless otherwise noted. On all other products, production 
processing does not necessarily include testing of all parameters. 
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TL431C, TL431AC, TL431I, TL431AI, TL431M, TL431Y 
ADJUSTABLE PRECISION SHUNT REGULATORS 


SLVS005E - JULY 1978 - REVISED AUGUST 1995 


AVAILABLE OPTIONS 


Ta 

PACKAGED DEVICES 

CHIP 

FORM 

(Y) 

SMALL 

OUTLINE 

(D) 

CHIP 

CARRIER 

(FK) 

CERAMIC 

DIP 

(JG) 

TO-226AA 

(LP) 

PLASTIC 

DIP 

(P) 

SOT-89 

(PK) 

SHRINK 

SMALL OUTLINE 
(PW) 

0°C to 70°C 

TL431CD 

TL431ACD 



TL431CLP 

TL431ACLP 

TL431CP 

TL431ACP 

TL431CPK 

TL431CPW 

TL431Y 

-40X to 85°C 

TL431ID 

TL431AID 



TL431ILP 

TL431AILP 

TL431IP 

TL431AIP 

TL431IPK 


-55‘’C to 125°C 


TL431MFK 

TL431MJG 






The D and LP packages are available taped and reeled. Add R suffix to device type (e.g., TL431CDR). The PK package is only available taped 
and reeled (no R suffix required). Chip forms are tested at Ta = 25°C. 


application schematic 


5-V Precision Regulator 



NOTE A: Rb should provide cathode current > 1-mA to 
theTL431. 


symbol 


functional block diagram 


ANODE 


REF 


CATHODE 


CATHODE 
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TL431C, TL431AC, TL431I, TL431AI, TL431M, TL431Y 
ADJUSTABLE PRECISION SHUNT REGULATORS 


SLVS005E - JULY 1978 - REVISED AUGUST 1995 
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TL431C, TL431AC, TL431I, TL431AI, TL431M, TL431Y 
ADJUSTABLE PRECISION SHUNT REGULATORS 

SLVS005E -JULY 1978 - REVISED AUGUST 1995 


TL431Y chip information 

This chip, when properly assembled, displays characteristics similar to the TL431C. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum bonding pads. The chip may be mounted with 
conductive epoxy or a gold-silicon preform. 
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TL431C, TL431AC, TL431I, TL431AI, TL431M, TL431Y 
ADJUSTABLE PRECISION SHUNT REGULATORS 


SLVS005E - JULY 1978 - REVISED AUGUST 1995 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Cathode voltage, V^a (see Note 1) . 37 V 

Continuous cathode current range, Ika ... -100 mA to 150 mA 

Reference input current range . -50 pA to 10 mA 

Continuous total power dissipation .. See Dissipation Rating Tables 1 and 2 

Operating free-air temperature range, Ta: C-suffix . 0°C to 70°C 

l-suffix .-40°Cto85°C 

M-suffix . -55°Cto125°C 

Storage temperature range, Tgtg . -65°C to 150°C 

Case temperature for 60 seconds: FK package . 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, P, or PW package . 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG, LP, or PK package . 300°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1; Voltage values are with respect to the anode terminal unless otherwise noted. 


DISSIPATION RATING TABLE 1 - FREE-AIR TEMPERATURE 


PACKAGE 

Ta = 25°C 
POWER RATING 

DERATING FACTOR 
ABOVE Ta = 25°C 

Ta = 70°c 
POWER RATING 

Ta = 85°C 
POWER RATING 

Ta = 125°C 
POWER RATING 

D 

725 mW 

5.8 mW/°C 

464 mW 

377 mW 

— 

FK 

1375 mW 

11.0 mW/°C 

880 mW 

715mW 

275 mW 

JG 

1050 mW 

8.4 mW/°C 

672 mW 

546 mW 

210 mW 

LP 

775 mW 

6.2 mW/°C 

496 mW 

403 mW 

— 

P 

1000 mW 

8.0 mW/°C 

640 mW 

520 mW 

— 

PK 

500 mW 

4.0 mW/°C 

320 mW 

260 mW 

— 

PW 

525 mW' 

4.2 mW/°C 

336 mW 

- 

- 


DISSIPATION RATING TABLE 2 -< CASE TEMPERATURE 


PACKAGE 

Tc = 25°C 

DERATING FACTOR 

Tc = 70°C 

Tc = 85°C 

POWER RATING 

ABOVE Tc = 25°C 

POWER RATING 

POWER RATING 

PK 

3125 mW 

25mW/°C 

2000 mW 

1625 mW 


recommended operating conditions 



MIN MAX 

UNIT 

Cathode voltage, Vka 

DBHI^ 

V 

Cathode current, Ika 

1 100 

mA 
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electrical characteristics over recommended operating conditions, = 25°C (unless otherwise noted) 


PARAMETER 

TEST 

Tce-r /^rtKiniTK^MC 

TL431C 

TL431I 

TL431M 


CIRCUIT 



MIN TYP 

MAX 

MIN TYP 

MAX 

MIN TYP 

MAX 


Dim 

Reference input voltage 

1 

< 

5 

II 

lKA = 10mA 

2440 2495 

2550 

2440 2495 

2550 

2400 2495 

2600 

mV 

V|(dev) 

Deviation of reference 

Input voltage over full 
temperature ranged 


VkA= V|(ref), lKA = 10mA, 

Ta = Full range t 

4 

17 

5 

30 

22 

mV 

AV|(ren 

AVka 

Ratio of change in refer¬ 
ence input voltage to the 
change in cathode voltage 


lKA = 10mA 

AVKA = ‘'OV-V|(ref) 

-1.4 

-2.7 

-1.4 

m 

-1.4 

-3 

mV 


AVka = 36V-10V 

-1 

-2 

-1 

-2 

-1 

-2.3 

~sr 

DRSni 

Reference input current 

2 

lKA=‘'0niA, 

R1 = 10kQ, R2 = oo 

2 

4 

2 

4 

2 

8* 

pA 

h(dev) 

Deviation of reference 
input current over full 
temperature ranged 

2 

lKA = 10mA, R1=10kQ, R2 = oo, 

Ta = Full range t 

0.4 

1.2 

0.8 


1 

|iA 

Imin 

Minimum cathode current 
for regulation 

1 

VkA = V|(ref) 

0.4 

1 

0.4 

1 

0.4 

1.5 

mA 

'off 

Off-state cathode current 

3 

Vka = 36V, 

V|(ref) = 0 

0.1 

1 

0.1 

1 

0.1 

3 

|iA 

Izka' 

Dynamic impedance § 

1 


0.2 

0.5 

0.2 

0.5 

0.2 

0.9* 

n 


* On products compliant to MIL-STD-883, Class B, this parameter is not production tested. 

t Full temperature range is 0°C to 70°C for the TL431C, -40°C to 85°C for the TL431I, ahd -55°C to 125°C for the TL431M. 

t The deviation parameters Vrefi(dev) Irefl(dev) defined as the differences between the maximum and minimum values obtained over the rated temperature range. The average 

full-range temperature coefficient of the reference input voltage, avi(ref). ‘s defined as; 



where AT/\ is the rated operating free-air temperature range of the device. 


MaxVi(ref) 


Min V|(ref) 




avi(ref) be positive or negative depending on whether minimum V|(ref) or maximum V|(ref). respectively, occurs at the lower temperature. 
Example: Max V|(ref) = 2496 mV at 30°C, Min V|(ref) = 2492 mV at 0°C, V|(ref) = 2495 mV at 25°C, ATa = 70°C for TL431C 


'“Vl(ref)' “ 


/ 4mV \ 
\2495 mV/ 


106 


70°C 


23 ppm/°C 


Because minimum V|(ref) occurs at the lower temperature, the coefficient is positive. 

§ The dynamic impedance is defined as: I z,, * I = ^ 

AIka 

When the device is operating with two external resistors (see Figure 2), the total dynamic impedance of the circuit is given by: Iz' I = 


AV . 


^KA' 



TL431C, TL431AC, TL431I, TL431AI, TL431M, TL431Y 
ADJUSTABLE PRECISION SHUNT REGULATORS 
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electrical characteristics over recommended operating conditions, = 25°C (unless otherwise noted) 


1 “^ 


PARAMETER 


Reference input voltage 


Deviation of reference input voltage over full 
v I (dev) temperature range t 


AV|(re n change in reference input voltage to the 

AVka change In cathode voltage 


TEST 

CIRCUIT 



TEST CONDITIONS 


VKA = V|(ref). lKA=10mA 


VKA=V|(ref), lKA = 10mA, 
Ta = Full range t 


TL431AI 


MIN TYP MAX I MIN TYP MAX 


2470 2495 2520 2470 2495 2520 mV 


lKA = 10mA 


AVKA=10V-V|(ref 


AVka = 36V-10 V 


Reference input current I 

1 ^ 

1 Ika = 10 mA, R1 = 10ka, R2 = oo 1 

2 

4 

2 


Deviation of reference input current over full 
temperature ranged 


lKA = 10rnA, R1 = 10kn, R2 = c 
Ta = Full range t 



Minimum cathode current for regulation 


Off-state cathode current 


0.4 0.6 


0.1 0.5 


0.4 0.7 mA 


0.1 0.5 \iA 


Dynamic impedance § 



0.2 0.5 a 


VkA = V|(ref 


Vka = 36V, Vi(ref) = 0 


VkA = V|(ref), 

Ika = 1 mA to 100 mA, 
f<1 kHz 


t Full temperature range is 0°C to 70°C for the TL431 AC and -40°C to 85°C for the TL431AI. 

t The deviation parameters V|-efi(clev) Iref^dev) defined as the differences between the maximum and minimum values obtained over the rated temperature range. The average 

full-range temperature coefficient of the reference input voltage, avi(ref). defined as: 

/ ^l(dev) \ ^ MaxVi(ref) -I-— ^ -^ 


Vl(ref)"*25°C 


where ATa is the rated operating free-air temperature range of the device. 


Min Vi(ref) 


V|(dev) 

_U 


avi(ref) be positive or negative depending on whether minimum V|(ref) or maximum V|(ref). respectively, occurs at the lower temperature. 
Example: Max V|(ref) = 2496 mV at 30°C, Min V|(ref) = 2492 mV at 0°C, V|(ref) = 2495 mV at 25°C, ATa = 70°C for TL431 AC 


'“Vl(ref)' " 


.-4-IILV ] X 106 

2495 mV j ^ 


23 ppm/°C 


Because minimum V|(ref) occurs at the lower temperature, the coefficient is positive. 

§ The dynamic impedance is defined as: 1 z,, * I = . ^ 

KA Al^ 


When the device is operating with two external resistors (see Figure 2), the total dynamic impedance of the circuit is given by: 1 z' I = ^ « I ^ 
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ADJUSTABLE PRECISION SHUNT REGULATORS 
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electrical characteristics over recommended operating conditions, Ta = 25°C (unless otherwise 
noted) 


TEST 

CIRCUIT 


BBli 




Reference input voltage 


Ratio of change in reference input 
voltage to the change in cathode 
voltage 


Reference input current 


Minimum cathode current for regulation 


Off-state cathode current 



TEST CONDITIONS 


Vka = V|/ref 


lKA = 10mA 


AVKA=10V-V|(ref) 


AVka = 36V-10V 


lKA = 10mA, R1 = 10kQ, R2 = oo 


Vka = V|/ref 


Vka = 36 V, V|(ref) = 0 


Vka = V|(ref). IkA = 1 mA to 100 mA, 
f<1 kHz 


TL431Y 

UNIT 

MIN TYP MAX 

2495 

mV 

-1.4 

mV 

-1 

V 

2 

liA 

0.4 

mA 

0.1 

fiA 

0.2 

Q 


IzkaI Dynamic impedancet 


t The dynamic impedance is defined as: | z. I = 

Ka Al^ 

When the device is operating with two external resistors (see Figure 2), the total dynamic impedance of the circuit is given by: 

= f » '-ka' O+i) 
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TL431C, TL431AC, TL431I, TL431AI, TL431M, TL431Y 
ADJUSTABLE PRECISION SHUNT REGULATORS 


SLVS005E - JULY 1978 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTICS 


Table of Graphs 



vs Free-air temperature 


vs Free-air temperature 


vs Cathode voltage 


vs Free-air temperature 


^V|(ref) Change in reference voltage to change in cathode voltage vs Free-air temperature 


Reference input voltage 


Reference input current 


Cathode current 


Off-state cathode current 


Equivalent input noise voltage 


Small-signal voltage amplification 


Reference impedance 


Pulse response 


Stability boundary conditions 


vs Frequency over a 10-second time-period 


vs Frequency 


vs Frequency 



Table of Application Circuits 
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TL431C, TL431AC, TL431I, TL431AI, TL431M, TL431Y 
ADJUSTABLE PRECISION SHUNT REGUUTORS 
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TYPICAL CHARACTERISTICSt 


REFERENCE INPUT VOLTAGE 
vs 

FREE-AIR TEMPERATUREt 



Figure 4 


CATHODE CURRENT 
vs 

CATHODE VOLTAGE 



Vka ~ Cathode Voltage - V 

Figure 6 


f 


REFERENCE INPUT CURRENT 



-75 -50 -25 0 25 50 75 100 125 

T/v - Free-Air Temperature - °C 

Figure 5 


CATHODE CURRENT 
vs 

CATHODE VOLTAGE 



Vka “ Cathode Voltage - V 


Figure 7 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
t Data is for devices having the indicated value of V|(ref) at Ika = 10 niA, Ta = 25°C. 


^ Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 


3-26 








TL431C, TL431AC, TL431I, TL431AI, TL431M, TL431Y 
ADJUSTABLE PRECISION SHUNT REGULATORS 
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TYPICAL CHARACTERISTICSt 


OFF-STATE CATHODE CURRENT 

VS 



-75 -50 -25 0 25 50 75 100 125 

T/v - Free-Air Temperature - °C 

Figure 8 


RATIO OF DELTA REFERENCE VOLTAGE TO 
DELTA CATHODE VOLTAGE 
vs 

FREE-AIR TEMPERATURE 



Ta - Free-Air Temperature - °C 

Figure 9 


EQUIVALENT INPUT NOISE VOLTAGE 


vs 



10 100 Ik 10 k 100 k 

f - Frequency - Hz 

Figure 10 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TL431C, TL431AC, TL431I, TL431AI, TL431M, TL431Y 
ADJUSTABLE PRECISION SHUNT REGULATORS 
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TYPICAL CHARACTERISTICS 


CD 

■o 

I 

c 

o 

1 

E 

Q. 

E 

< 


(0 

I 

> 

< 


SMALL'SIGNAL VOLTAGE AMPLIFICATION 
vs 

FREQUENCY 



Ik 10 k 100 k 1M 10 M 


f - Frequency - Hz 


Figure 12 



TEST CIRCUIT FOR VOLTAGE AMPLIFICATION 


REFERENCE IMPEDANCE 
vs 

FREQUENCY 



Ik 10 k 100 k 1M 10 M 

f - Frequency - Hz 

Figure 13 


1 ka 



Output 


GND 


TEST CIRCUIT FOR REFERENCE IMPEDANCE 
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TL431C, TL431AC, TL431I, TL431AI, TL431M, TL431Y 
ADJUSTABLE PRECISION SHUNT REGULATORS 


SLVS005E - JULY 1978 - REVISED AUGUST 1995 

TYPICAL CHARACTERISTICS 


> 

I 


o 

T3 


PULSE RESPONSE 


— 

Ta = 

— 

25°C 


nput 























Output 





r 






















0 1 2 3 4 5 6 7 


t-Time- |is 


Putse 
Generator 
f = 100 kHz 


220 Q 

^wv-^ 


50 Q 


4 -^ 


Output 


GND 


TEST CIRCUIT FOR PULSE RESPONSE 


Figure 14 



0.001 0.01 0.1 1 10 
Cl - Load Capacitance - m,F 


Figure 15 


150 a 




t The areas under the curves represent conditions that may cause the device to oscillate. For curves B, C, and D, R2 and V+ were adjusted to 
establish the initial Vka and Ika conditions with Cl = 0. Vbatt and Cl were then adjusted to determine the ranges of stability. 
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TL431C, TL431AC, TL431I, TL431AI, TL431M, TL431Y 
ADJUSTABLE PRECISION SHUNT REGULATORS 


SLVS005E - JULY 1978 - REVISED AUGUST 1995 

APPLICATION INFORMATION 


R (see Note A) 



NOTE A: R should provide cathode current > 1 -mA 
to the TL431 at minimum VbaTT- 


Figure 16. Shunt Regulator 


Vbatt 



Figure 17. Single-Supply Comparator With 
Temperature-Compensated Threshold 



V 


o 





Ri 

R2j ^'ref 


NOTE A: R should provide cathode current > 1 -mA to the TL431 at 
minimum Vbajj. 

Figure 18. Precision High-Current Series Reguiator 
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TL431C, TL431AC, TL431I, TL431AI, TL431M, TL431Y 
ADJUSTABLE PRECISION SHUNT REGULATORS 


SLVS005E - JULY 1978 - REVISED AUGUST 1995 

APPLICATION INFORMATION 




Figure 19. Output Control of a Three-Terminal 
Fixed Regulator 



NOTE A: Refer to the stability boundary conditions in Figure 15 to determine 
allowable values for C. 

Figure 21. Crowbar Circuit 
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TL431C, TL431AC, TL431I, TL431AI, TL431M, TL431Y 
ADJUSTABLE PRECISION SHUNT REGULATORS 


SLVS005E - JULY 1978 - REVISED AUGUST 1995 

APPLICATION INFORMATION 



Figure 22. Precision 5-V, 1.5-A Reguiator 



NOTE A, Rb should provide cathode current > 1 -mA to the 
TL431. 

Figure 23. Efficient 5-V Precision Reguiator 


12 V 



Figure 24. PWM Converter With Reference 
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TL431C, TL431AC, TL431I, TL431AI, TL431M, TL431Y 
ADJUSTABLE PRECISION SHUNT REGULATORS 


SLVS005E - JULY 1978 - REVISED AUGUST 1995 

APPLICATION INFORMATION 


R3 (see Note A) 



Low Limit = (l + 

High Limit = (l + 

LED on when 

Low Limit < Vg^jj < High Limit 

NOTE A: R3 and R4 are selected to provide the desired LED intensity 
and cathode current >1 mA to the TL431 at the available 

Vbatt- 

Figure 25. Voltage Monitor 


650 a 



Delay = R x C x l^ 

Figure 26. Delay Timer 



Vbatt 



R1 : 


''BATT 


+ li 


"FE 


KA 


Figure 27. Precision Current Limiter 


TL431 



Figure 28. Precision Constant-Current Sink 
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Very Low-Dropout Voltage ... Less Than 
400 mV at 300 mA 

Standby Mode Reduces Current to a 
Maximum of 150 |iA 

Output Regulated to Within ±2% Over Full 

Temperature Range 

Packaged in Thin Shrink Smaii-Outiine 

Package 

Only 10-|iF Load Capacitor Required to 
Maintain Regulation at Iq = 300 mA 


TL75LPXXQ SERIES 
TL75LPXXY SERIES 
LOW-DROPOUT VOLTAGE REGULATORS 

SLVS073A - SEPTEMBER 1992 - REVISED AUGUST 1995 


PW PACKAGE 
(TOP VIEW) 

GND/HEAT SINK (j 1 20I] NC 


description 


GND/HEAT SINK [ 2 
GND/HEAT SINK [ 3 
NC[ 4 
NC[ 5 
ENABLE[ 6 
NC[ 7 
INPUT [ 8 
INPUT [ 9 


19]NC 
18]NC 
17]NC 
16]NC 
15 ] OUTPUT 
14 ] OUTPUT 
13]NC 
12 ] NC 


The TL75LPxxQ devices are low-dropout voltage 
regulators specifically targeted for use In portable 
applications. These devices generate fixed output 
voltages at loads of up to 300 mA with only 
400-mV dropout over the full temperature range. 

Low-dropout voltage regulators are commonly 
used In battery-powered systems such as analog 
and digital cellular phones. The TL75LPxx family 
of regulators feature a TTL/CMOS-compatible 
enable terminal, which can be used to switch the 
device into standby mode. This feature reduces 
power consumption when the instrument is not 
active. Less that 150 pA is required when the unit 
is disabled. 


INPUT [ | 10 11 P NC 

GND/HEAT SINK - These terminals have an internal 
connection to ground and must be grounded. 

NC - No internal connection 
t The PW package is only available in left-end taped 
and reeled (order device TLTSLPxxQPWLE). 


typical application schematic 


J 0.1 


DISABLE 

A concern in many new designs is conservation of VJ 

board space and overall reduction in equipment enable o 

size. The thin shrink small-outline package J- 

(TSSOP) minimizes board area and reduces 

component height. This package has a maximum height of less than 1.1 mm (compared to the 1.75 mm of a 
standard 8-pin SO package) and dimensions of only 6.5 mm by 4.4 mm. 

All low-dropout regulators require an external capacitor at the output to maintain regulation and stability. To 
further reduce board area and cost, the TL75LPxx devices are designed to require a minimum capacitor of only 
10 pF. This is 1/10 the typical value used by many other low-dropout regulators. To simplify the task of choosing 
a suitable capacitor, Tl has included in this datasheet a list of recommended capacitors for use with these 
devices. 

The TL75LPxxQ devices are characterized for operation over Tj = -40°C to 125°C. 

AVAILABLE OPTIONS 


1 INPUT 

OUTPUT [ 

TL75LPXXQ 


GND/ 

ENABLE 

HEAT SINK 

2 V 

1 




- Vo ±2% 
at 300 mA 

Co = 10pF 



Vo 


PACKAGED DEVICES 

^LJID 




TCCOD 

CnIP rOHM 

MIN 

TYP 

MAX 

(PW) 

(Y) 

4.75 

4.85 

4.95 

TL75LP48QPWLE 

TL75LP48Y 

4.9 

5 

5.1 

TL75LP05QPWLE 

TL75LP05Y 

7.84 

8 

8.16 

TL75LP08QPWLE 

TL75LP08Y 

9.8 

10 

10.2 

TL75LP10QPWLE 

TL75LP10Y 

11.76 

12 

12.24 

TL75LP12QPWLE 

TL75LP12Y 


-40°C to 125°C 


The PW package is available only in tape and reel. Chip forms are tested at 25°C. 


is current as of publication date. ^ Copyright © 1995, Texas Instruments Incorporated 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
testing of all parameters. 
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TL75LPXXQ SERIES 
TL75LPXXY SERIES 

LOW-DROPOUT VOLTAGE REGULATORS 

SLVS073A- SEPTEMBER 1992 - REVISED AUGUST 1995 


functional block diagram 


INPUT 



TL75LPxxY chip information 


This chip, when properly assembled, displays characteristics similar to the TL75LPxx. Thermal compression 
or ultrasonic bonding can be used on the doped aluminum bonding pads. The chip can be mounted with 
conductive epoxy or a gold-silicon preform. 


BONDING PAD ASSIGNMENTS 



1 ^ _ *123 _^_ P| 


INPUT 



H -^OUTPUT 

^OUTPUT 
SENSE 


ENABLE POWER SIGNAL 
GND GND 


CHIP THICKNESS: 11 MILS TYPICAL 
BONDING PADS: 7X7 MILS MINIMUM 
Tj max = 150°C 
TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 


NOTEA. NOTE: SIGNAL GND and POWER 
GND must be tied together as close to 
device as possible. OUTPUT and 
OUTPUT SENSE should be tied 
together. 
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TL75LPXXQ SERIES 
TL75LPXXY SERIES 
LOW-DROPOUT VOLTAGE REGULATORS 

SLVS073A- SEPTEMBER 1992 - REVISED AUGUST 1995 


absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)t 


Supply voltage, Vqq, (See Note 1) . 25 V 

Output current, Iq . 400 mA 

Operating virtual junction temperature range, Tj . -55°C to 150°C 

Continuous total power dissipation (see Note 2) . See Dissipation Rating Table 

Storage temperature range, Tstg . -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values are with respect to network terminal ground. 

2. Refer to Figures 1 and 2 to avoid exceeding the design maximum virtual junction temperature; these ratings should not be exceeded. 
Due to variation in individual device electrical characteristics and thermal resistance, the built-in thermal overload protection may 
be activated at power levels slightly above or below the rated dissipation. 


DISSIPATION RATING TABLE 


PACKAGE 

POWER RATING 
AT 

T<25°C 
POWER RATING 

DERATING FACTOR 
ABOVE T = 25°C 

T = 70°C 
POWER RATING 

T = 85°C 
POWER RATING 

T = 125°C 
POWER RATING 


Ta 

828 mW 

6.62 mW/°C 

530 mW 

431 mW 

166 mW 

PW 

Tc 

4032 mW 

32.2 mW/°C 

2583 mW 

2100 mW 

812 mW 


Tpt 

2475 mW 

19.8 mW/°C 

1584 mW 

1287 mW 

495 mW 


t Rejp is the thermal resistance between the junction and the device pin. To determine the virtual junction temperature (Tj) relative to the device 
pin temperature, the following calculations should be used: Tj = Pq x Rejp + Tp, where Pq is the internal power dissipation of the device and Tp 
is the device pin temperature at the point of contact to the printed wiring board. The Rejp for the TL75LPxx series is 50.5°C/W. 


MAXIMUM CONTINUOUS DISSIPATION 
vs 

FREE-AIR TEMPERATURE 

2400 
2200 
I 2000 

c 1800 
o 

I 1600 

S 1400 

a 

» 1200 
g 1000 

I 800 

o 

E 600 

i 

(0 

S 200 
0 

25 50 75 100 125 150 

Ta - Free-Air Temperature - °C 






















































> 



ReJA = 151°C/W —/ 
- 1 _ 1 _ 




MAXIMUM CONTINUOUS DISSIPATION 


vs 

CASE TEMPERATURE 



25 50 75 100 125 150 

Tq - Case Temperature - °C 


Figure 1 


Figure 2 
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TL75LPXXQ SERIES 
TL75LPXXY SERIES 

LOW-DROPOUT VOLTAGE REGULATORS 

SLVS073A- SEPTEMBER 1992 - REVISED AUGUST 1995 


recommended operating conditions 


f 


MIN 

MAX 

UNIT 



TL75LP48 

5.15 

23.0 




TL75LP05 

5.3 

23.0 


Input voltage, V| 


TL75LP08 

8.4 

23.0 

V 



TL75LP10 

10.4 

23.0 




TL75LP12 

12.5 

23.0 


High-level Input voltage, ENABLE, V|h 


2.0 

15.0 

V 

Low-level input voltage, ENABLE, V|l 


0 

0.8 

V 

Output current range, Iq 


5 

300 

mA 

Operating virtual junction temperature range, Tj 


-40 

125 

"C 

electrical characteristics over operatina virtual iunction temperature range, Vi: 
ENABLE = 0 V (unless otherwise noted) 

= 10V,lo = 300 mA, 


TESTCONDITIONSt 

TL75LP48Q 

UNIT 

HWCttiWi Iwl fcHTiBSii 

MIN 

TYP 

MAX 

Output voltage 

V| = 5.35 Vto 10 V 

4.75 

4.85 

4.95 

V 

Input voltage regulation 

Vi = 5.35 V to 10 V, Tj = 25^e 


10 

25 

mV 

Ripple rejection 

V| = 5.6 V to 15.6 V, f = 120 Hz, Tj = 25°C 

50 

55 


dB 

Output voltage regulation 

Iq = 5 mA to 300 mA, Tj = 25°C 


12 

30 

mV 


Iq = 100 mA 


0.12 

0.2 


Dropout voltage 

Iq = 200 mA 


0.17 

0.3 

V 


Iq = 300 mA 


0.22 

0.4 


Output noise voltage 

f = 10 Hz to 100 kHz, Tj = 25°C 

500 

pV 


Iq = 10 mA 


2.5 

4 


Bias current 

IO = 100 mA 


4 

10 

mA 

Iq = 200 mA 


6 

20 


Iq = 300 mA 


9 

30 


High-level input current, ENABLE 

ENABLE = 0.8 V 


7 

25 

^lA 

Low-level input current, ENABLE 

ENABLE = 2 V 


0.05 

6 

pA 

Standby current 

ENABLE = 2 V 


100 

150 

pA 


t Pulse-testing techniques maintain the virtual junction temperature as close to the ambient temperature as possible. Thermal effects must be taken 
into account separately. All characteristics are measured with a 0.1-jxF capacitor across the input and a 10-pF capacitor with equivalent series 
resistance within the guidelines shown in Figures 3 and 4 on the output. All measurements are taken with a tantalum electrolytic capacitor. 
Although not normally recommended, an aluminum electrolytic capacitor can be used. Attention must be given its ESR value, particularly at low 
temperatures. 
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TL75LPXXQ SERIES 
TL75LPXXY SERIES 
LOW-DROPOUT VOLTAGE REGULATORS 

SLVS073A- SEPTEMBER 1992 - REVISED AUGUST 1995 


electrical characteristics over operating virtual junction temperature range, V| = 10 V, Iq = 300 mA, 
ENABLE = 0 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

TL75LP05Q 

UNIT 

MIN 

TYP 

MAX 

Output voltage 

V| = 5.5 V to 10 V 

4.9 

5 

5.1 

V 

Input voltage regulation 

V| = 5.5 V to 10 V, Tj = 25°C 


10 

25 

mV 

Ripple rejection 

V| = 6Vto16V, f = 120Hz, Tj = 25X 

50 

55 


dB 

Output voltage regulation 

Iq = 5 mA to 300 mA, Tj = 25°C 


12 

30 

mV 


IO = 100 mA 


0.12 

0.2 


Dropout voltage 

Iq = 200 mA 


0.17 

0.3 

V 


Iq = 300 mA 


0.22 

0.4 


Output noise voltage 

f= 10 Hz to 100 kHz, Tj = 25°C 

500 



Iq = 10 mA 


2.5 

4 


Bias current 

Iq = 100 mA 


4 

10 

mA 

Iq = 200 mA 


6 

20 


Iq = 300 mA 


9 

30 


High-level input current, ENABLE 

ENABLE = 0.8 V 


7 

25 

pA 

Low-level input current, ENABLE 

ENABLE = 2 V 


0.05 

6 

pA 

Standby current 

ENABLE = 2 V 


100 

150 

pA 


t Pulse-testing techniques maintain the virtual junction temperature as close to the ambient temperature as possible. Thermal effects must be taken 
into account separately. All characteristics are measured with a 0.1 -pF capacitor across the input and a 10-pF capacitor with equivalent series 
resistance within the guidelines shown In Figures 3 and 4 on the output. All measurements are taken with a tantalum electrolytic capacitor. 
Although not normally recommended, an aluminum electrolytic capacitor can be used. Attention must be given Its ESR value, particularly at low 
temperatures. 


electrical characteristics over operating virtual junction temperature range, V| = 10 V, Iq = 300 mA, 
ENABLE = 0 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

TL75LP08Q 

UNIT 

MIN 

TYP 

MAX 

Output voltage 

V| = 8.6 Vto 15 V 

7.84 

8 

8.16 

V 

Input voltage regulation 

V| = 8.6Vto15‘v, Tj = 25°C 


12 

40 

mV 

Ripple rejection 

V| = 9Vto19V, f = 120Hz, Tj = 25°C 

50 

55 


dB 

Output voltage regulation 

Iq = 5 mA to 300 mA, Tj = 25°C 


12 

40 

mV 


Iq = 100 mA 


0.12 

0.2 


Dropout voltage 

Iq = 200 mA 


0.17 

0.3 

V 


Iq = 300 mA 


0.22 

0.4 


Output noise voltage 

f = 10 Hz to 100 kHz, Tj = 25°C 

500 

pV 


IO = 10mA 


2.5 

4 


Bias current 

IO = 100 mA 


4 

10 

mA 

Iq = 200 mA 


6 

20 


Iq = 300 mA 


9 

30 


High-level input current, ENABLE 

ENABLE = 0.8 V 


7 

25 

pA 

Low-level input current, ENABLE 

ENABLE = 2 V 


0.05 

6 

pA 

Standby current 

ENABLE = 2 V 


100 

150 

pA 


t Pulse-testing techniques maintain the virtual junction temperature as close to the ambient temperature as possible. Thermal effects must be taken 
into account separately. All characteristics are measured with a 0.1-pF capacitor across the input and a 10-|iF capacitor with equivalent series 
resistance within the guidelines shown in Figures 3 and 4 on the output. All measurements are taken with a tantalum electrolytic capacitor. 
Although not normally recommended, an aluminum electrolytic capacitor can be used. Attention must be given its ESR value, particularly at low 
temperatures. 
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TL75LPXXQ SERIES 
TL75LPXXY SERIES 

LOW-DROPOUT VOLTAGE REGULATORS 

SLVS073A-SEPTEMBER 1992 - REVISED AUGUST 1995 


electrical characteristics over operating virtual junction temperature range, V| = 14 V, Iq = 300 mA, 
ENABLE = 0 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

TL75LP10Q 

UNIT 

MIN 

TYP 

MAX 

Output voltage 

Vi = 10.6 V to 17 V 

9.8 

10 

10.2 

V 

Input voltage regulation 

V| = 10.6 V to 17 V, Tj = 25°C 


15 

43 

mV 

Ripple rejection 

V| = 11Vto21V, f=120Hz, Tj = 25°C 

50 

55 


dB 

Output voltage regulation 

Iq = 5 mA to 300 mA, Tj = 25°C 


15 

50 

mV 


Iq = 100 mA 


0.12 

0.2 


Dropout voltage 

Iq = 200 mA 


0.17 

0.3 

V 


Iq = 300 mA 


0.22 

0.4 


Output noise voltage 

f = 10 Hz to 100 kHz, Tj = 25°C 

1000 

jiV 


Iq = 10 mA 


2.5 

4 


Bias current 

Iq = 100 mA 


4 

10 

mA 

Iq = 200 mA 


6 

20 


Iq = 300 mA 


9 

30 


High-level input current, ENABLE 

ENABLE = 0.8 V 


7 

25 

pA 

Low-level input current, ENABLE 

ENABLE = 2 V 


0.05 

6 

liA 

Standby current 

ENABLE = 2 V 


100 

150 

pA 


t Pulse-testing techniques maintain the virtual junction temperature as close to the ambient temperature as possible. Thermal effects must be taken 
into account separately. All characteristics are measured with a 0.1-pF capacitor across the input and a lO-jiF capacitor with equivalent series 
resistance within the guidelines shown in Figures 3 and 4 on the output. All measurements are taken with a tantalum electrolytic capacitor. 
Although not normally recommended, an aluminum electrolytic capacitor can be used. Attention must be given its ESR value, particularly at low 
temperatures. 


electrical characteristics over operating virtual junction temperature range, V| = 14 V, Iq = 300 mA, 
ENABLE = 0 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

TL75LP12Q 

UNIT 

MIN 

TYP 

MAX 

Output voltage 

V| = 12.7 V to 18 V 

11.76 

12 

12.24 

V 

Input voltage regulation 

V| = 12.7 V to 18 V, Tj = 25°C 


15 

43 

mV 

Ripple rejection 

V| = 13Vto23V, f=120Hz, Tj = 25°C 

50 

55 


dB 

Output voltage regulation 

Iq = 5 mA to 300 mA, Tj = 25°C 


15 

60 

mV 


Iq = 100 mA 


0.12 

0.2 


Dropout voltage 

Iq = 200 mA 


0.17 

0.3 

V 


Iq = 300 mA 


0.22 

0.4 


Output noise voltage 

f = 10 Hz to 100 kHz, Tj = 25°C 

1000 

pV 


Iq = 10 mA 


2.5 

4 


Bias current 

Iq = 100 mA 


4 

10 

mA 

Iq = 200 mA 


6 

20 



Iq = 300 mA 


9 

30 


High-level input current, ENABLE 

ENABLE = 0.8 V 


7 

25 

pA 

Low-level input current, ENABLE 

ENABLE = 2 V 


0.05 

6 

pA 

Standby current 

ENABLE = 2 V 


100 

150 

pA 


t Pulse-testing techniques maintain the virtual junction temperature as close to the ambient temperature as possible. Thermal effects must be taken 
into account separately. All characteristics are measured with a 0.1-pF capacitor across the input and a lO-jiiF capacitor with equivalent series 
resistance within the guidelines shown in Figures 3 and 4 on the output. All measurements are taken with a tantalum electrolytic capacitor. 
Although not normally recommended, an aluminum electrolytic capacitor can be used. Attention must be given its ESR value, particularly at low 
temperatures. 
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TL75LPXXQ SERIES 
TL75LPXXY SERIES 
LOW-DROPOUT VOLTAGE REGULATORS 

_SLVS073A- SEPTEMBER 1992 - REVISED AUGUST 1995 


electrical characteristics at V| = 10 V, Iq = 300 mA, ENABLE = 0 V, Tj = 25°C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

TL75LP48Y 

UNIT 


Output voltage 


4.85 

V 

Input voltage regulation 


10 

mV 

Ripple rejection 

f= 120 Hz 

55 

dB 

Output voltage regulation 


12 

mV 

Dropout voltage 


0,22 

V 

Output noise voltage 

1=10 Hz to 100 kHz 

500 

pV 

Bias current 


9 

mA 

High-level input current, ENABLE 

ENABLE = 0.8 V 

7 

pA 

Low-level input current, ENABLE 

ENABLE = 2 V 

0.05 

pA 

Standby current 

ENABLE = 2 V 

100 

ftA 


t Pulse-testing techniques maintain the virtual junction temperature as close to the ambient temperature as possible. Thermal effects must be taken 
into account separately. All characteristics are measured with a 0.1-p,F capacitor across the input and a 10-p.F capacitor with equivalent series 
resistance within the guidelines shown in Figures 3 and 4 on the output. All measurements are taken with a tantalum electrolytic capacitor. 
Although not normally recommended, an aluminum electrolytic capacitor can be used. Attention must be given its ESR value, particularly at low 
temperatures. 


electrical characteristics at V| = 10 V, Iq = 300 mA, ENABLE = 0 V, Tj = 25°C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

TL75LP05Y 

UNIT 

MIN TYP MAX 

Output voltage 


5 

V 

Input voltage regulation 


10 

mV 

Ripple rejection 

f= 120 Hz 

55 

dB 

Output voltage regulation 


12 

mV 

Dropout voltage 


0.22 

V 

Output noise voltage 

f= 10 Hz to 100 kHz 

500 

pV 

Bias current 


9 

mA 

High-level input current, ENABLE 

ENABLE = 0.8 V 

7 

pA 

Low-level input current, ENABLE 

ENABLE = 2 V 

0.05 

pA 

Standby current 

ENABLE = 2 V 

100 

pA 


t Pulse-testing techniques maintain the virtual junction temperature as close to the ambient temperature as possible. Thermal effects must be taken 
into account separately. All characteristics are measured with a 0.1-pF capacitor across the input and a 10-pF capacitor with equivalent series 
resistance within the guidelines shown in Figures 3 and 4 on the output. All measurements are taken with a tantalum electrolytic capacitor. 
Although not normally recommended, an aluminum electrolytic capacitor can be used. Attention must be given its ESR value, particularly at low 
temperatures. 
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TL75LPXXQ SERIES 
TL75LPXXY SERIES 

LOW^DROPOUT VOLTAGE REGULATORS 

SLVS073A-SEPTEMBER 1992- REVISED AUGUST 1995_ 


electrical characteristics at V| = 10 V, Iq = 300 mA, ENABLE = 0 V, Tj = 2S°C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

TL75LP08Y 

UNIT 

MIN TYP MAX 

Output voltage 


8 

V 

Input voltage regulation 


12 

mV 

Ripple rejection 

f=120Hz 

55 

dB 

Output voltage regulation 


12 

mV 

Dropout voltage 

‘ 

0.22 

V 

Output noise voltage 

f= 10 Hz to 100 kHz 

500 

pV 

Bias current 


9 

mA 

High-level input current, ENABLE 

ENABLE = 0.8 V 

7 

pA 

Low-level input current, ENABLE 

ENABLE = 2 V 

0.05 

^lA 

Standby current 

ENABLE = 2 V 

100 



t Pulse-testing techniques maintain the virtual junction temperature as close to the ambient temperature as possible. Thermal effects must be taken 
into account separately. All characteristics are measured with a 0.1 -|liF capacitor across the input and a 10-pF capacitor with equivalent series 
resistance within the guidelines shown in Figures 3 and 4 on the output. All measurements are taken with a tantalum electrolytic capacitor. 
Although not normally recommended, an aluminum electrolytic capacitor can be used. Attention must be given its ESR value, particularly at low 
temperatures. 


electrical characteristics at Vj = 14 V, Iq = 300 mA, ENABLE = 0 V, Tj = 25°C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

TL75LP10Y 

UNIT 

MIN TYP MAX 

Output voltage 


10 

V 

Input voltage regulation 


15 

r.iV 

Ripple rejection 

f=120Hz 

55 

dB 

Output voltage regulation 


15 

mV 

Dropout voltage 


0.22 

V 

Output noise voltage 

f = 10 Hz to 100 kHz 

1000 

fiV 

Bias current 


.9 

mA 

High-level input current, ENABLE 

ENABLE = 0.8 V 

7 

fiA 

Low-level input current, ENABLE 

ENABLE = 2 V 

0.05 

pA 

Standby current 

ENABLE = 2 V 

100 

pA 


t Pulse-testing techniques maintain the virtual junction temperature as close to the ambient temperature as possible. Thermal effects must be taken 
into account separately. All characteristics are measured with a 0.1-pF capacitor across the input and a 10-jiF capacitor with equivalent series 
resistance within the guidelines shown in Figures 3 and 4 on the output. All measurements are taken with a tantalum electrolytic capacitor. 
Although not normally recommended, an aluminum electrolytic capacitor can be used. Attention must be given its ESR value, particularly at low 
temperatures. 
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TL75LPXXY SERIES 
LOW-DROPOUT VOLTAGE REGULATORS 
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electrical characteristics at V| = 14 V, Iq = 300 mA, ENABLE = 0 V, Tj = 25°C (uniess otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

TL75LP12Y 

UNIT 

MIN TYP 

MAX 

Output voltage 


11.76 12 

12.24 

V 

Input voltage regulation 


15 

43 

mV 

Ripple rejection 

f = 120 Hz 

55 

dB 

Output voltage regulation 


12 

60 

mV 

Dropout voltage 


0.22 

0.4 

V 

Output noise voltage 

f= 10 Hz to 100 kHz 

500 

pV 

Bias current 


9 

30 

mA 

High-level input current, ENABLE 

ENABLE = 0.8 V 

7 

25 

pA 

Low-level input current, ENABLE 

ENABLE = 2 V 

0.05 

6 

pA 

Standby current 

ENABLE = 2 V 

100 

150 

pA 


t Pulse-testing techniques maintain the virtual junction temperature as close to the ambient temperature as possible. Thermal effects must be taken 
into account separately. All characteristics are measured with a 0.1-|a.F capacitor across the input and a 10-|j.F capacitor with equivalent series 
resistance within the guidelines shown in Figures 3 and 4 on the output. All measurements are taken with a tantalum electrolytic capacitor. 
Although not normally recommended, an aluminum electrolytic capacitor can be used. Attention must be given its ESR value, particularly at low 
temperatures. 
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TL75LPxxQ SERIES 
TL75LPXXY SERIES 

LOW-DROPOUT VOLTAGE REGULATORS 

SLVS073A- SEPTEMBER 1992 - REVISED AUGUST 1995 


PARAMETER MEASUREMENT INFORMATION 

The TL75LPXX series are low-dropout voltage regulators. This means that the capacitance is important to the 
performance of the regulator because it is a vital part of the control loop. The capacitor value and the equivalent series 
resistance (ESR) both affect the control loop and must be defined for the load range and the temperature range. 
Figures 3 and 4 can establish the capacitance value and ESR range for optimum regulator performance. 

Figure 3 shows the recommended range of ESR, measured at 120 Hz, for a given load with a 10-pF capacitor on the 
output. In addition, it shows a maximum ESR limit oi2Q and a load-dependent minimum ESR limit. 


For applications with varying loads, the lightest load condition should be chosen since it is the worst case. Figure 4 
shows the relationship of the reciprocal of ESR to the square root of the capacitance with a minimum capacitance 
limit of 10 pF and a maximum ESR limit of 2 Q. Figure 4 establishes the amount that the minimum ESR limit of Figure 
3 can be adjusted for different capacitor values. For example, when the minimum load needed is 200 mA, 
Figure 3 suggests an ESR range of 0.8 Q to 2 Q for 10 pF. Figure 4 shows that changing the capacitor from 
10 pF to 400 pF can change the ESR minimum by greater than 3/0.5 (or 6). Therefore, the new minimum ESR value 
is 0.8/6 (or 0.13 C2). This now allows an ESR range of 0.13 Q to 2 This expanded ESR range is achieved by using 
a larger capacitor at the output. For better stability in low-current applications. It Is recommended that a small 
resistance be placed in series with the capacitor (see Table 1) so that the ESR better approximates those in 
Figures 3 and 4. 



Table 1. Compensations for Increased Stability at Low Currents 


MANUFACTURER 

CAPACITANCE 

ESR 

TYP 

PART 

NUMBER 

ADDITIONAL 

RESISTANCE 

AVX 

15 ^iF 

0.9^2 

TAJB156M010S 

1 Q 

KEMET 

33 

0.6 a 

T491D336M010AS 

0.5 Q 


OUTPUT CAPACITOR 
EQUIVALENT SERIES RESISTANCE 


vs 



0 0.1 0.2 0.3 0.4 0.5 


l|_ - Load Current - A 


OUTPUT CAPACITOR 
STABILITY 


vs 

EQUIVALENT SERIES RESISTANCE 



Figure 3 


Figure 4 
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TYPICAL CHARACTERISTICS 
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TL75LPXXQ SERIES 
TL75LPXXY SERIES 

LOW-DROPOUT VOLTAGE REGULATORS 
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TYPICAL CHARACTERISTICS 


> 

I 


o 

I 

>o 


OUTPUT VOLTAGE 

VS 

INPUT VOLTAGE 



4 6 8 10 

V| - Input Voltage - V 

Figure 5 


12 14 


INPUT CURRENT 
vs 

INPUT VOLTAGE 



Figure 6 


INPUT CURRENT 
vs 

INPUT VOLTAGE 


DROPOUT VOLTAGE 
vs 



4 6 8 10 

V| - Input Voltage - V 

Figure 7 


12 14 



50 100 150 200 250 

Iq - Output Current - mA 

Figure 8 
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TYPICAL CHARACTERISTICS 


TL75LP05 


SHORT-CiRCUiT PROTECTION CONDITIONS 

QUiESCENT CURRENT 

OUTPUT VOLTAGE 

vs 

vs 

OUTPUT CURRENT 

OUTPUT CURRENT 


Tj = 

V| = 

:25X 
14 V 














/ 







/ 

f 






y 

/ 




_ 


— 







Tj =125°C 






Tj = 25°C 

i 





A 

\ 

Tj = 

/ ] 

40”C 





10 40 60 80 100 120 140 160 

Iq - Output Current - mA 

Figures 

LOAD TRANSIENT RESPONSE 


0.75 0.85 0.95 1.05 1.15 1.25 1.35 1.45 1.55 
Iq - Output Current - A 

Figure 10 

LiNE TRANSIENT RESPONSE 


V|(NOM) = Vo + 1 V 
ESR = 2 
Cl = 10|iF 
Ta = 25°C 







V|(NOM) = Vo + 1V 
ESR = 2 






n " " 

1_1 



1 





50 100 150 200 250 300 350 

t “ Time - |is 

Figure 11 


50 100 150 200 250 300 350 400 
t - Time - m,s 


Figure 12 
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TL750L, TL751L SERIES 
TL751L05M, TL751L12M, TL750LxxY 
LOW-DROPOUT VOLTAGE REGULATORS 

SLVS017B - SEPTEMBER 1987 - REVISED AUGUST 1995 


• Very Low Dropout Voltage, Less Than 0.6 V 
at 150 mA 

• Very Low Quiescent Current 

• TTL- and CMOS-Compatible Enable on 
TL751L Series, TL751L05M, and 
TL751L12M 

• 60-V Load-Dump Protection 

description 

The TL750L and TL751L series and the TL751L05M and TL751L12M are low-dropout positive voltage 
regulators specifically designed for battery-powered systems. These devices incorporate overvoltage and 
current-limiting protection circuitry along with internal reverse-battery protection circuitry to protect both itself 
and the regulated system. Both the series and the TL751L05M and TL751L12M are fully protected against 60-V 
load-dump and reverse-battery conditions. Extremely low quiescent current during full-load conditions makes 
these devices ideal for standby power systems. 

The TL750L series of fixed-output voltage regulators offer 5-V, 8-V, 10-V, and 12-V options. They are available 
in TO-226AA (formerly TO-92) (LP) packages, TO-220AB (KC) packages, 8-pin small-outline plastic packages 
(D), and 8-pin plastic dual-in-line packages (P). 

The TL751L series of fixed-output voltage regulators offer 5-V, 8-V, 10-V, and 12-V options with the addition of 
an enable input. The enable input, when taken high, places the regulator output in a high-impedance state. This 
gives the designer complete control over power up, power down, or emergency shut down. This series is offered 
in the 8-pln small-outline plastic package and the 8-pin plastic dual-in-line package. 

The TL751L05M and TL751L12M fixed-output voltage regulators also offer 5-V and 12-V options with an enable 
input. The enable input, when taken high, places the regulator output in a high-impedance state. This gives the 
designer complete control over power up, power down, or emergency shut down. The TL751 LxM is offered in 
the FK and JG package. 


• Reverse Transient Protection to -50 V 

• Internal Thermal Overload Protection 

• Overvoltage Protection 

• Internal Overcurrent Limiting Circuitry 

• Less Than 500-|liA Disable (TL751L Series, 
TL75L05M, and TL75L12M) 



AVAILABLE OPTIONS 


Ta 

VQtyp 

AT25°C 

PACKAGED DEVICES 

CHIP 

FORM 

(Y) 

SMALL 

OUTLINE 

(D) 

CHIP 

CARRIER 

(FK) 

CERAMIC 

DIP 

(JG) 

TO-220AB 

(KC) 

TO-226AA 

(LP) 

CERAMIC 

FLATPACK 

(P) 

o p 

O 

0 CM 

o 

5V 

TL750L05CD 

TL751L05CD 

- 

— 

TL750L05CKC 

TL750L05CLP 

TL750L05CP 

TL751L05CP 

TL750L05Y 

8V 

TL750L08CD 

TL751L08CD 

- 

— 

TL750L08CKC 

TL750L08CLP 

TL750L08CP 

TL751L08CP 

TL750L08Y 

10V 

TL750L10CD 

TL751L10CD 

- 

— 

TL750L10CKC 

TL750L10CLP 

TL750L10CP 

TL751L10CP 

TL750L10Y 

12V 

TL750L12CD 

TL751L12CD 

- 

— 

TL750L12CKC 

TL750L12CLP 

TL750L12CP 

TL751L12CP 

TL750L12Y 

-40°C to 
125°C 

5V 

TL750L05QD 

TL751L05QD 

— 

— 

TL750L05QKC 

TL750L05QLP 

TL750L05QP 

TL751L05QP 

- 

8V 

TL750L08QD 

TL751L08QD 

- 

— 

TL750L08QKC 

TL750L08QLP 

TL750L08QP 

TL751L08QP 

- 

10V 

TL750L10QD 

TL751L10QD 

- 

— 

TL750L10QKC 

TL750L10QLP 

TL750L10QP 

TL751L10QP 

- 

12V 

TL750L12QD 

TL751L12QD 

- 

- 

TL750L12QKC 

TL750L12QLP 

TL750L12QP 

TL751L12QP 

— 

-55°C to 
125°C 

5V 

— 

TL751L05MFK 

TL751L05MJG 

— 

— 

— 

— 

12V 

— 

TL751L12MFK 

TL751L12MJG 

— 

— 

— 

— 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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TL750L, TL751L SERIES 
TL751L05M, TL751L12M, TL750LxxY 
LOW-DROPOUT VOLTAGE REGULATORS 

SLVS017B - SEPTEMBER 1987 - REVISED AUGUST 1995 


TL750LxxY chip information 

These chips, when properly assembled, display characteristics similar to the TL750LxxC. Thermal compression 
or ultrasonic bonding may be used on the doped aluminum bonding pads. Chips may be mounted with 
conductive epoxy or a gold-silicon preform. 



Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


3-51 


















































TL750L,TL751L SERIES 

TL751L05M, TL751 LI 2M, TL750UxY 

LOW-DROPOUT VOLTAGE REGULATORS 

SLVS017B - SEPTEMBER 187 - REVISED AUGUST 1995 


absolute maximum ratings over operating junction temperature range (unless otherwise noted) 



TL750L 

TL751L 

TL751L_M 

UNIT 

Continuous input voltage 

26 

26 

V 

Transient input voltage, Ta = 25°C (see Note 1) 

60 

60 

V 

Continuous reverse input voltage 

-15 

-15 

V 

Transient reverse input voltage: t < 100 ms 

-50 

-50 

V 

Continuous total power dissipation 

1 See Dissipation Rating Table | 

Operating virtual junction temperature range, Tj 

-40 to 150 

-40 to 150 

°c 

Storage temperature range, Tstq 

-65 to 150 

-65 to 150 

°c 

Lead temperature 1,6 mm (1/16 inch) for 10 seconds 

260 

260 

°c 


NOTE 1: The transient input voltage rating applies for the waveform described in Figure 1. 


DISSIPATION RATING TABLE 


PACKAGE 

Ta < 25X 
POWER RATING 

DERATING FACTOR 
ABOVE Ta = 25X 

Ta = 70 °c 
POWER RATING 

Ta = 85°C 
POWER RATING 

D 

825 mW 

6.6 mW/^’C 

528 mW 

429 mW 

FK 

1375 mW 

11.0 m\N/^C 

880 mW 

715 mW 

JG 

1050 mW 

8.4mW/'’C 

672 mW 

546 mW 

KC 

2000 mW 

15.2 mW/X 

1316 mW 

1088 mW 

LP 

775 mW 

6.2 mW/X 

496 mW 

403 mW 

P 

1000 mW 

8.0 mW/X 

640 mW 

520 mW 


recommended operating conditions over recommended operating junction temperature range 
(unless otherwise noted) 


■ ' 1 

MIN 

MAX 

UNITS 



TL75_L05 and TL751L05M 

6 

26 


Input voltage, V| 


TL75_L08 

9 

26 



TL75_L10 

11 

26 




TL75_L12 and TL751L12M 

13 

26 


High-level ENABLE input voltage, V|h | 

TL751LandTL751L_M 

2 

15 

V 

Low-level ENABLE input voltage, Vn_t 

Ta = 25X 

TL751Land TL751L_M 

-0.3 

0.8 


Ta = Full range 

TL751Land TL751L_M 

-0.15 

0.8 

V 

Output current range, Iq | 

TL75_LandTL751L_M 

0 

150 

mA 



TL75_L_C 

0 

125 

■1 

Operating virtual junction temperature, Tj 


TL75_L_Q 

-40 

125 




TL751L M 

-55 

125 

■■ 


t The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for ENABLE voltage 
levels and temperature only. 


Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


3-52 









































































TL750L, TL751L SERIES 
TL751L05M, TL751L12M, TL750LxxY 
LOW-DROPOUT VOLTAGE REGULATORS 

SLVS017B - SEPTEMBER 1987 - REVISED AUGUST 1995 


electrical characteristics, V| = 14 V, Iq = 10 mA, Tj = 25°C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONST 

TL750L05, TL751L05 
TL751L05M 

UNIT 

MIN TYP MAX 

Output voltage 

V| = 6Vto26V lo = 0to150mA 

Tj = 25°C 

4.80 5 5.2 

V 

Tj = Tjmin to 125°C 

4.75 5.25 

Input regulation voltage 

V| = 9 Vto 16 V 

5 10 

mV 

V| = 6 V to 26 V 

o 

CO 

CD 

Ripple rejection 

V| = 8 Vto 18 V, f=120Hz 

60* 65 

dB 

Output regulation voltage 

Iq = 5 mA to 150 mA 

20 50 

mV 

Dropout voltage 

Iq = 10 mA 

0.2 

V 

Iq == 150 mA 

0.6 

Output noise voltage 

f = 10 Hz to 100 kHz 

500 

pV 

Input bias current 

IO = 150 mA 

10 12 

mA 

V| = 6Vto26V, IO = 10mA, Tj = Tjmin to 125°C 

1 2 

ENABLE > 2 V 

0.5 


*On products compliant to MIL-STD-883, Class B, this parameter is not production tested. 

^ Pulse-testing techniques are used to maintain the junction temperature as closes to the ambient temperature as possible. Thermal effects must 
be taken into account separately. All characteristics are measured with a 0.1 -pF capacitor across the input and a 10-pF capacitor, with equivalent 
series resistance of less than 1 Q across the output. 


electrical characteristics, V| = 14 V, Iq = 10 mA, Tj = 25°C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONST 

TL750L08, TL751L08 

UNIT 

MIN TYP MAX 

Output voltage 

V| = 9 Vto 26 V lo = 0to 150mA 

Tj = 25°C 

7.68 8 8.32 

V 

Tj = Tjmin to 125°C 

cd 

CD 

Input regulation voltage 

V| = 10Vto17V 

10 20 

mV 

V| = 9 V to 26 V 

25 50 

Ripple rejection 

V| = 11 Vto 21 V, f=120Hz 

lO 

CD 

O 

CD 

dB 

Output regulation voltage 

Iq = 5 mA to 150 mA 

O 

00 

O 

mV 

Dropout voltage 

Iq = 10 mA 

0.2 

V 

Iq = 150 mA 

0.6 

Output noise voltage 

f= 10 Hz to 100 kHz 

500 

pV 

Input bias current 

Iq = 150 mA 

10 12 

mA 

V| = 9 V to 26 V, Iq = 10 mA, Tj = Tjmin to 125°C 

1 2 

ENABLE > 2 V 

0.5 


*On products compliant to MIL-STD-883, Class B, this parameter is not production tested. 

t Pulse-testing techniques are used to maintain the junction temperature as closes to the ambient temperature as possible. Thermal effects must 
be taken into account separately. All characteristics are measured with a 0.1 -pF capacitor across the input and a 10-pF capacitor, with equivalent 
series resistance of less than 1 Q, across the output. 
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TL750L,TL751L SERIES 
TL751L05M, TL751L12M, TL750LxxY 
LOW-DROPOUT VOLTAGE REGULATORS 

SLVS017B - SEPTEMBER 187 - REVISED AUGUST 1995 


electrical characteristics, V| = 14 V, io = 10 mA, Tj = 25°C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS? 

TL750L10,TL751L10 

UNIT 

MIN TYP MAX 

Output voltage 

V| = 11 V to 26 V lo = 0to 150 mA 

Tj = 25°C 

9.6 10 10.4 

V 

Tj = Tjmin to 125°C 

9.5 10.5 

Input regulation voltage 

V| = 12Vto19V 

10 25 

mV 

V| = 11 Vto26V 

o 

<o 

o 

CO 

Ripple rejection 

V| = 12Vto22V, f=: 120Hz 

60 65 

dB 

Output regulation voltage 

Iq = 5 mA to 150 mA 

o 

o 

o 

IO 

mV 

Dropout voltage 

IO = 10mA 

0.2 

D 

IO = 150 mA 

0.6 

Output noise voltage 

f = 10 Hz to 100 kHz 

700 

pV 

Input bias current 

IO = 150 mA 

10 12 

mA 

V| = 11Vto26V, lo = 10mA, Tj = Tjmin to 125°C 

1 2 

ENABLE > 2 V 

0.5 


t Pulse-testing techniques are used to maintain the junction temperature as closes to the ambient temperature as possible. Thermal effects must 
be taken into account separately. All characteristics are measured with a 0.1 -pF capacitor across the input and a 10-pF capacitor, with equivalent 
series resistance of less than 1 Q across the output. 


eiectricai characteristics, V| = 14 V, io = 10 mA, Tj = 25°C (uniess otherwise noted) 


PARAMETER 

TEST CONDITIONS? 

TL750L12, TL751L12 
TL751L12M 

UNIT 

MIN TYP MAX 

Output voltage 

V| = 13Vto26V lo = 0to150mA 

Tj = 25°C 

11.52 12 12.48 

V 

Tj = Tjmin to 125°C 

11.4 12.6 

Input regulation voltage 

V| = 14Vto19V 

15 30 

mV 

V| = 13Vto26V 

o 

o 

CM 

Ripple rejection 

V| = 13Vto23V, f=120Hz 

50* 55 

dB 

Output regulation voltage 

Iq = 5 mA to 150 mA 

o 

io 

o 

mV 

Dropout voltage 

IO = 10mA 

0.2 

V 

lO = 150 mA 

0.6 

Output noise voltage 

f= 10 Hz to 100 kHz 

700 

pV 

Input bias current 

Io = 150 mA 

10 12 

mA 

V| = 13Vto26V, lo = 10mA, Tj = Tjmin to 125°C 

1 2 

ENABLE > 2 V 

0.5 


* On products compliant to MIL-STD-883, Class B, this parameter is not production tested. 

t Pulse-testing techniques are used to maintain the junction temperature as closes to the ambient temperature as possible. Thermal effects must 
be taken into account separately. All characteristics are measured with a 0.1 -pF capacitor across the input and a 10-pF capacitor, with equivalent 
series resistance of less than 1 Q across the output. 
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TL750L, TL751L SERIES 
TL751L05M, TL751L12M, TL750LxxY 
LOW-DROPOUT VOLTAGE REGULATORS 

SLVS017B - SEPTEMBER 1987 - REVISED AUGUST 1995 


electrical characteristicsV| = 14 V, Iq = (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS? 

TL750L05Y 

UNIT 

MIN TYP MAX 

Output voltage 

V| = 6 V to 26 V Io = 0t0 150 mA 

5 

V 

Input regulation voltage 

V| = 9Vto16V 

5 

mV 

V| = 6 V to 26 V 

6 

Ripple rejection 

Vi = 8Vto18V, f = 120Hz 

65 

dB 

Output regulation voltage 

IO = 5 mA to 150 mA 

20 

mV 

Output noise voltage 

f=:10H2 to 100 kHz 

500 

pV 

Input bias current 

Iq = 150 mA 

10 

mA 

V| = 6Vto26V, lo = 10mA 

1 


t Pulse-testing techniques are used to maintain the junction temperature as closes to the ambient temperature as possible. Thermal effects must 
be taken into account separately. All characteristics are measured with a 0.1 -pF capacitor across the input and a 10-jxF capacitor, with equivalent 
series resistance of less than 1 Q across the output. 


electrical characteristics, V| = 14 V, Iq = 10 mA, Tj = 25°C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS? 

TL750L08Y 

UNIT 

MIN TYP MAX 

Output voltage 

V| = 9Vto26V lo = 0to150mA 

8 

V 

Input regulation voltage 

V| = 10Vto17V 

10 

mV 

V| = 9Vto26V 

25 

Ripple rejection 

V| = 11Vto21V, f=120Hz 

65 

dB 

Output regulation voltage 

IO = 5 mA to 150 mA 

40 

mV 

Output noise voltage 

f= 10 Hz to 100 kHz 

500 

|LlV 

Input bias current 

Iq = 150 mA 

10 

mA 

V| = 9Vto26V, lo = 10mA 

1 


t Pulse-testing techniques are used to maintain the junction temperature as closes to the ambient temperature as possible. Thermal effects must 
be taken into account separately. All characteristics are measured with a 0.1 -pF capacitor across the input and a 10-pF capacitor, with equivalent 
series resistance of less than 1 Q, across the output. 
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TL750L, TL751L SERIES 
TL751L05M, TL751L12M, TL750LxxY 
LOW-DROPOUT VOLTAGE REGULATORS 
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electrical characteristics, V| = 14 V, io = 10 mA, Tj = 25°C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS? 

TL750L10Y 

UNIT 

MIN TYP MAX 

Output voltage C 

V| = 11Vto26V lo = 0to 150mA 

10 

V 

Input regulation voltage 

V| = 12Vto19V 

10 

mV 

V| = 11 Vto26V 

30 

Ripple rejection 

V| = 12Vto22V, f = 120Hz 

65 

dB 

Output regulation voltage 

Iq = 5 mA to 150 mA 

50 

mV 

Output noise voitage 

f= 10 Hz to 100 kHz 

700 

pV 

Input bias current 

Iq = 150 mA 

10 

mA 

V| = 11 Vto26V, lo = 10mA 

1 


t Pulse-testing techniques are used to maintain the junction temperature as closes to the ambient temperature as possible. Thermal effects must 
be taken into account separateiy. Ali characteristics are measured with a 0.1 -pF capacitor across the input and a 10-fiF capacitor, with equivalent 
series resistance of iess than 1 Q across the output. 


electrical characteristics, V| = 14 V, Iq = 10 mA, Tj = 25°C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS? 

TL750Lt2Y 

UNIT 

MIN TYP MAX 

Output voitage 

V| = 13Vto26V lo = 0to 150 mA 

12 

V 

Input regulation voltage 

V| = 14Vto19V 

15 

mV 

V| = 13Vto26V 

20 

Ripple rejection 

V| = 13Vto23V, f=120Hz 

55 

dB 

Output regulation voltage 

Iq = 5 mA to 150 mA 

50 

mV 

Output noise voltage 

f= 10 Hz to 100 kHz 

700 

pV 

Input bias current 

Iq = 150 mA 

10 

mA 


1 


t Pulse-testing techniques are used to maintain the junction temperature as closes to the ambient temperature as possible. Themnal effects must 
be taken into account separately. All characteristics are measured with a 0.1 -pF capacitor across the input and a 10-pF capacitor, with equivalent 
series resistance of less than 1 Q across the output. 
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TL750L, TL751L SERIES 
TL751L05M, TL751L12M, TL750LxxY 
LOW-DROPOUT VOLTAGE REGULATORS 

SLVS017B - SEPTEMBER 1987 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTICS 


TRANSIENT INPUT VOLTAGE 


vs 

TIME 



>“ 

10 - 

0 ------ 

0 100 200 300 400 500 600 

t - Time - ms 

Figure 1 


TL750L05 

INPUT CURRENT 


vs 



0 1 2 3 4 5 6 

V| - Input Voltage - V 

Figure 2 


TL750L12 

INPUT CURRENT 


vs 



0 2 4 6 8 10 12 14 

Vj - Input Voltage - V 


Figure 3 
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TL750M, TL751M SERIES 
LOW-DROPOUT VOLTAGE REGULATORS 


• Very Low Dropout Voltage, Less Than 0.6 V 
at 750 mA 

• Low Quiescent Current 

• TTL- and CMOS-Compatible Enable on 
TL751M Series 


SLVS021D - JANUARY 1988 - REVISED AUGUST 1995 

• 60-V Load-Dump Protection 

• Overvoltage Protection 

• Internal Thermal Overload Protection 

• Internal Overcurrent Limiting Circuitry 


description 


The TL750M and TL751M series are low-dropout positive voltage regulators specifically designed for 
battery-powered systems. The TL750M and TL751M incorporate on-board overvoltage and current-limit 
protection circuitry to protect both themselves and the regulated system. Both series are fully protected against 
60-V load-dump and reverse battery conditions. Extremely low quiescent current, even during full-load 
conditions, makes the TL750M and TL751M series ideal for standby power systems. 

The TL750M series of fixed-output voltage regulators offer 5-V, 8-V, 10-V, and 12-V options available in 3-lead 
KC (TO-220AB) and KTE plastic packages. 

The TL751M series of fixed-output voltage regulators also offer 5-V, 8-V, 10-V, and 12-V options with the addition 
of an enable input. The enable input gives the designer complete control over power up, allowing sequential 
power up or emergency shutdown. When taken high, the enable input places the regulator output in a high- 
impedance state. It is completely TTL- and CMOS-compatible. The TL751M series is offered in 5-lead KC and 
KTG plastic packages. 

The TL750MxxC and TL751MxxC are characterized for operation from 0°C to 125°C virtual junction 
temperature, and the TL750MxxQ and TL751 MxxQ series are characterized for operation from -40°C to 125°C 
virtual junction temperature. 


AVAILABLE OPTIONS 

PACKAGED DEVICES 


HEAT-SINK MOUNTED 
(3-PIN) 

(KC) 




HEAT-SINK MOUNTED 
(5-PIN) 

(KC) 




PLASTIC 

FLANGE-MOUNT 

(KTE) 




PLASTIC 

FLANGE-MOUNT 

(KTG) 





PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of alt parameters. 
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TL750M, TL751M SERIES 
LOW-DROPOUT VOLTAGE REGULATORS 


SLVS021D - JANUARY 1988 - REVISED AUGUST 1995 


TL750M ... 3-LEAD KC PACKAGE 
(TOP VIEW) 


TL750M ... 3-LEAD KTE PACKAGE 
(TOP VIEW) 


o 


OUTPUT 

COMMON 

INPUT 



OUTPUT 

COMMON 

INPUT 


NOTE A: The common terminal is in electrical contact with the mounting base. 


TO-200AB 




I 


TL751M ... 5-LEAD KC PACKAGE 
(TOP VIEW) 




. .> NC 

o 




-' OVJIVlMUIN 

., input 

-A- 


1-.-...' ENABLE 


TL750M ... 5-LEAD KTG PACKAGE 
(TOP VIEW) 



NC 

OUTPUT 

COMMON 

INPUT 

ENABLE 


NOTE A: The common terminal is in electrical contact with the mounting base. 

TO-200AB 



NC - No internal connection 


TL.751 Mxx functional block diagram 


ACTUAL DEVICE 
COMPONENT COUNT 

Transistors 

46 

Diodes 

14 

Resistors 

44 

Capacitors 

4 

JFET 

1 

Tunnels 
(emitter R) 

2 
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TL750M, TL751M SERIES 
LOW-DROPOUT VOLTAGE REGULATORS 

SLVS021D - JANUARY 1988 - REVISED AUGUST 1995 


TL750MxxY chip information 

This chip, when properly assembled, displays characteristics similar to the TL750MxxC. Thermal compression 
or ultrasonic bonding can be used on the doped aluminum bonding pads. The chip can be mounted with 
conductive epoxy or a gold-silicon preform. 
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TL750M, TL751M SERIES 
LOW-DROPOUT VOLTAGE REGULATORS 


SLVS021D - JANUARY 1988 - REVISED AUGUST 1995 

absolute maximum ratings over virtual junction temperature range (unless otherwise noted)t 


Continuous input voltage . 26 V 

Transient input voltage (see Figure 5) . 60 V 

Continuous reverse input voltage .... -15 V 

Transient reverse input voltage; t = 100 ms . -50 V 

Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 1) . 2 W 

Continuous total power dissipation at (or below) 40°C case temperature (see Note 1) . 20 W 

Operating free-air, T^, case, Tq, or virtual junction, Tj, temperature range. -40°C to 150°C 

Storage temperature range, Tgtg ...,.. -65°C to 1 50°C 

Lead temperature 1,6 mm (1/16 Inch) from case for 10 seconds . . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: For operation above T/^ = 25°C and Tq = 40°C, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction 
temperature, these ratings should not be exceeded. Due to variation in individual device electrical characteristics and thermal 
resistance, the built-in thermal overload protection may be activated at power levels slightly above or below the rated dissipation. 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



Tyv - Free-Air Temperature - °C 


CASE TEMPERATURE 



25 50 75 100 125 150 

Tq - Case Temperature - °C 


Figure 1 Figure 2 


recommended operating conditions over recommended virtuai junction temperature range 


r- I 

MIN 

MAX 

UNIT 


TL75XM05 

6 

26 


Input voltage range, V| 

TL75XM08 

9 

26 


TL75XM10 

11 

26 



TL75XM12 

13 

26 


High-level ENABLE input voltage, V|h 

TL751MXX 

2 

15 

y 

Low-level ENABLE input voltage, VjL 

TL751MXX 

0 

0.8 


Output current range, Iq 


750 

mA 

Operating virtual junction temperature range, Tj 

TL75xMxxC 

0 

125 

mm 

TL75xMxxQ 

-40 

125 

■i 


Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


3-62 











































TL750M, TL751M SERIES 
LOW-DROPOUT VOLTAGE REGULATORS 


SLVS021D - JANUARY 1988 - REVISED AUGUST 1995 


electrical characteristics, Vj = 14 V, Iq = 300 mA, ENABLE at 0 V for TL751M05, Tj = 25°C (unless 
otherwise noted) (see Note 2) 


PARAMETER 

TEST CONDITIONS 

TL750M05, TL751M05 

UNIT 

MIN TYP MAX 

Output voltage 

V| = 6 V to 26 V, Iq = 0 mA to 750 mA 

Tj = 25°C 

4.9 5 5.1 

V 

Tj = MIN to MAXt 

4.9 5.1 

Input voltage regulation 

V| = 9Vto16V, lo = 250 mA 

10 25 

mV 

V| = 6 V to 26 V, Iq = 250 mA 

12 50 

Ripple rejection 

V| = 8Vto18V, f=120Hz 

50 55 

dB 

Output voltage regulation 

Iq = 5 mA to 750 mA 

20 50 

mV 

Dropout voltage 

Iq = 500 mA 

0.5 

V 

Iq = 750 mA 

0.6 

Output noise voltage 

f=10Hz to 100 kHz 

500 

pV 

Bias current 

Iq = 750 mA 

60 75 

mA 

Iq = 10 mA 

5 

Bias current (TL751Mxx only) 

ENABLE V|h>2V 

- 200 

pA 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 


NOTE 2: Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be 
taken into account separately. All characteristics are measured with a 0.1 -pF capacitor across the input and a 10-pF tantalum capacitor 
on the output with equivalent series resistance within the guidelines shown in Figure 3. 


electrical characteristics, V| = 14 V, Iq = 300 mA, ENABLE at 0 V for TL751M08, Tj = 25°C (unless 
otherwise noted) (see Note 2) 


PARAMETER 

TEST CONDITIONS 

TL750M08, TL751M08 

UNIT 

MIN TYP MAX 

Output voltage 

V| = 9 V to 26 V, Iq = 0 to 750 mA 

Tj = 25°C 

7.84 8 8.16 

V 

Tj = MIN to MAXt 

7.84 8.16 

Input voltage regulation 

V| = 10Vto17V, lo = 250 mA 

12 40 

mV 

V| = 9Vto26V, lo = 250 mA 

15 68 

Ripple rejection 

V| = 11Vto21V, f=120Hz 

50 55 

dB 

Output voltage regulation 

Iq = 5 mA to 750 mA 

24 80 

mV 

Dropout voltage 

Iq = 500 mA 

0.5 

V 

Iq = 750 mA 

0.6 

Output noise voltage 

f = 10 Hz to 100 kHz 

500 

pV 

Bias current 

Iq = 750 mA 

60 75 

mA 

Iq = 10 mA 

5 

Bias current (TL751 Mxx only) 

ENABLE V|h>2 V 

200 

pA 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

NOTE 2: Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be 


taken into account separately. All characteristics are measured with a 0.1 -pF capacitor across the input and a 10-pF tantalum capacitor 
on the output with equivalent series resistance within the guidelines shown in Figure 3. 
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TL750M, TL751M SERIES 
LOW-DROPOUT VOLTAGE REGULATORS 


SLVS021D - JANUARY 1988 - REVISED AUGUST 1995 


electrical characteristics, V| = 14 V, Iq = 300 mA, ENABLE at 0 V for TL751M10, Tj = 25°C (unless 
otherwise noted) (see Note 2) 


PARAMETER 

TEST CONDITIONS 

TL750M10,TL751M10 

UNIT 

MIN TYP MAX 

Output voltage 

V| = 11Vto26V, Iq = 0 mA to 750 mA 

Tj = 25°C 

9.8 10 10.2 

V 

Tj = MIN to MAXt 

9.8 10.2 

Input voltage regulation 

V| = 12Vto18V, lo = 250 mA 

15 43 

mV 

V| = 11 V to 26 V, lo = 250 mA 

20 75 

Ripple rejection 

V| = 13Vto23V, f=120Hz 

50 55 

dB 

Output voltage regulation 

Iq = 5 mA to 750 mA 

30 100 

mV 

Dropout voltage 

Iq = 500 mA 

0.5 

V 

Iq = 750 mA 

0.6 

Output noise voltage 

f= 10 Hz to 100 kHz 

1000 

pV 

Bias current 

jo = 750 mA 

60 75 

mA 

Iq = 10 mA 

5 

Bias current (TL751 Mxx only) 

ENABLE V|h>2 V 

200 

pA 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 


NOTE 2: Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be 
taken into account separately. All characteristics are measured with a 0.1 -pF capacitor across the input and a 10-pF tantalum capacitor 
on the output with equivalent series resistance within the guidelines shown in Figure 3. 


electrical characteristics, Vj = 14 V, Iq = 300 mA, ENABLE at 0 V for TL751M12, Tj = 25°C (unless 
otherwise noted) (see Note 2) 


PARAMETER 

TEST CONDITIONS 

TL750M12,TL751M12 

/ UNIT 

MIN TYP MAX 

Output voltage 

V| = 13 V to 26 V, Iq = 0 mA to 750 mA 

Tj = 25°C 

11.76 12 12.24 

V 

Tj = MIN to MAXt 

11.76 12.24 

Input voltage regulation 

V| = 14 V to 19 V, Iq = 250 mA 

15 43 

mV 

V| = 13Vto26V, lo = 250 mA 

00 

o 

CM 

Ripple rejection 

V|^13Vto23V, f = 120Hz 

50 55 

dB 

Output voltage regulation 

Iq = 5 mA to 750 mA 

30 120 

mV 

Dropout voltage 

Iq = 500 mA 

0.5 

V 

Iq = 750 mA 

0.6 

Output noise voltage 

f= 10 Hz to 100 kHz 

1000 

pV 

Bias current 

Iq = 750 mA 

60 75 

mA 

Iq = 10 mA 

5 

Bias current (TL751Mxx only) 

ENABLE V|H > 2 V 

200 

pA 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

NOTE 2: Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be 


taken into account separately. All characteristics are measured with a 0.1 -pF capacitor across the input and a 10-pF tantalum capacitor 
on the output with equivalent series resistance within the guidelines shown in Figure 3. 


electrical characteristics, V| = 14 V, Iq = 300 mA,Tj = 25°C 


PARAMETER 

TL751MXX 

UNIT 

MIN TYP MAX 

Response time, ENABLE to output 

50 

ps 
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TL750M, TL751M SERIES 
LOW-DROPOUT VOLTAGE REGULATORS 


SLVS021D - JANUARY 1988 - REVISED AUGUST 1995 


electrical characteristics, V| = 14 V, Iq = 300 mA, ENABLE at 0 V, Tj = 25°C (unless otherwise noted) 
(see Note 2) 


PARAMETER 

TEST CONDITIONS 

TL750M05Y 

UNIT 

MIN TYP MAX 

Output voltage 

V| = 6 V to 26 V, Iq = 0 mA to 750 mA,' 

5 

V 

Input voltage regulation 

V|=9Vto16V, lo = 250 mA 

10 

mV 

V| = 6 V to 26 V, Iq = 250 mA 

12 

Ripple rejection 

V|=8Vto18V, f = 120Hz 

55 

dB 

Output voltage regulation 

Iq = 5 mA to 750 mA 

20 

mV 

Output noise voltage 

f = 10 Hz to 100 kHz 

500 

pV 

Bias current 

Iq = 750 mA 

60 

mA 


NOTE 2: Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be 
taken into account separately. All characteristics are measured with a 0.1 -|liF capacitor across the input and a 10-pF tantalum capacitor 
on the output with equivalent series resistance within the guidelines shown in Figure 3. 


electrical characteristics, V| = 14 V, Iq = 300 mA, ENABLE at 0 V, Tj = 25°C (unless otherwise noted) 
(see Note 2) 


PARAMETER 

TEST CONDITIONS 

TL750M08Y 

UNIT 

MIN TYP MAX 

Output voltage 

Vj = 9 V to 26 V, 

Iq = 0 mA to 750 mA, 

8 

V 

Input voltage regulation 

V| = 10 Vto 17 V, 

Iq = 250 mA 

12 

mV 

Vj = 9 V to 26 V, 

Iq = 250 mA 

15 

Ripple rejection 

V| = 11 Vto 21 V, 

f = 120Hz 

55 

dB 

Output voltage regulation 

Iq = 5 mA to 750 mA 

24 

mV 

Output noise voltage 

f = 10 Hz to 100 kHz 

500 

pV 

Bias current 

lO = 750 mA 

60 

mA 


NOTE 2: Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be 
taken into account separately. All characteristics are measured with a 0.1 -pF capacitor across the input and a 10-pF tantalum capacitor 
on the output with equivalent series resistance within the guidelines shown in Figure 3. 


electricai characteristics, V| = 14 V, Iq = 300 mA, ENABLE at 0 V, Tj = 25°C (unless otherwise noted) 
(see Note 2) 


PARAMETER 

TEST CONDITIONS 

TL750M10Y 

UNIT 

MIN TYP MAX 

Output voltage 

V( = 11 V to 26 V, Iq = 0 mA to 750 mA, 

10 

V 

Input voltage regulation 

V| = 12Vto18V, lo = 250 mA 

15 

mV 

V! = 11Vto26V, lo = 250 mA 

20 

Ripple rejection 

V| = 13Vto23V, f=120Hz 

55 

dB 

Output voltage regulation 

Iq = 5 mA to 750 mA 

30 

mV 

Output noise voltage 

f = 10Hz to 100 kHz 

1000 

pV 

Bias current 

•o = 750 mA 

60 

mA 


NOTE 2: Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be 
taken into account separately. All characteristics are measured with a 0.1 -pF capacitor across the input and a 10-pF tantalum capacitor 
on the output with equivalent series resistance within the guidelines shown in Figure 3. 
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TL750M, TL751M SERIES 
LOW-DROPGUT VOLTAGE REGULATORS 

SLVS021D - JANUARY 1988 - REVISED AUGUST 1995_ 


TL751M12Y electrical characteristics, V| = 14 V, Iq = 300 mA, ENABLE at 0 V, Tj = 25°C (unless 
otherwise noted) (see Note 2) 


PARAMETER 

TEST CONDITIONS 

TL750M12Y 

UNIT 

MIN TYP MAX 

Output voltage 

V| = 13 Vto26V, 

Iq = 0 mA to 750 mA, 

12 

V 

input voltage regulation 

V| = 14Vto19V, 

Iq = 250 mA 

15 

mV 

V| = 13Vto26V, 

Iq = 250 mA 

20 

Ripple rejection 

V| = 13Vto23V, 

f=120Hz 

55 

dB 

Output voltage regulation 

Iq = 5 mA to 750 mA 

30 

mV 

Output noise voltage 

f= 10 Hz to 100 kHz 

1000 


Bias current 

Iq = 750 mA 

60 

mA 


NOTE 2: Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be 
taken into account separately. All characteristics are measured with a 0.1 -pF capacitor across the input and a 10-pF tantalum capacitor 
on the output with equivalent series resistance within the guidelines shown in Figure 3. 


PARAMETER MEASUREMENT INFORMATION 

The TL751 Mxx is a low-dropout regulator. This means that the capacitance loading is important to the performance 
of the regulator because it is a vital part of the control loop. The capacitor value and the equivalent series resistance 
(ESR) both affect the control loop and must be defined for the load range and the temperature range. Figures 3 and 4 
can establish the capacitance value and ESR range for best regulator performance. 

Figure 3 shows the recommended range of ESR for a given load with a 10-pF capacitor on the output. This figure 
also shows a maximum ESR limit of 2 Q and a load-dependent minimum ESR limit. 

For applications with varying loads, the lightest load condition should be chosen since It is the worst case. Figure 4 
shows the relationship of the reciprocal of ESR to the square root of the capacitance with a minimum capacitance 
limit of 10 pF and a maximum ESR limit of 2 Q. This figure establishes the amount that the minimum ESR limit shown 
in Figure 3 can be adjusted for different capacitor values. For example, If the minimum load needed is 200 mA, Figure 
4 suggests an ESR range of 0.8 H to 2 n for 10 pF. Figure 4 shows that changing the capacitor from 10 pF to 400 
pF can change the ESR minimum by greater than 3/0.5 (or 6). Therefore, the new minimum ESR value is 0.8/6 (or 
0.13 n ). This now allows an ESR range of 0.13 Q to 2 Q , achieving an expanded ESR range by using a larger 
capacitor at the output. [For better stability in low-current applications, a small resistance placed in series with the 
capacitor (see Table 1) is recommended, so that ESRs better approximate those shown in Figures 3 and 4.] 
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TL750M, TL751M SERIES 
LOW-DROPOUT VOLTAGE REGULATORS 


SLVS021D - JANUARY 1988 - REVISED AUGUST 1995 


PARAMETER MEASUREMENT INFORMATION 
Table 1. Compensations for Increased Stability at Low Currents 


MANUFACTURER 

CAPACITANCE 

ESR TYP 

PART NUMBER 

ADDITIONAL 

RESISTANCE 

AVX 

15\xF 

0.9 a 

TAJB156M010S 

1 a 

KEMET 

33 |iF 

0.6 a 

T491D336M010AS 

0.5 a 


Applied Load 
Current 


Load 

Voltage 


tr 


JV- 


AVl 


AVl = AIl X ESR 


OUTPUT CAPACITOR 

EQUIVALENT SERIES RESISTANCE (ESR) 
vs 

LOAD CURRENT RANGE 


3 

2.8 

2.6 

2.4 

2.2 

2 

1.8 

1.6 

1.4 
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0.8 

0.6 
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0.2 

0 







■ 

; This Reg 

Recomrr 

Operatic 

ion Not 
ended for 
n 

_ __ __ .. 




L ... 


W^BII 

I—Hi 

M— 

IIBiiiM 

\ 



IX ESR Bo 

jndary - 






egion of B 

}st Stabilit 




y 

///// 

I>>^ 




y/ yy/ 

Yyyy> 

K.- 




yyyy 


Mill ESR 
_ Bni'inrlnrv _ 






^y Poten 

iai Instabi 

itv Region 


vzzz 




\(f 0.0 


0.1 0.2 0.3 0.4 

II - Load Current Range - A 


0.04 

0.035 

0.03 

.025 

I* 0.02 

xi 

CO 

CO 0.015 

0.01 

0.005 

0 . 


STABILITY 

vs 

EQUIVALENT SERIES RESISTANCE (ESR) 




I ^ ^ ^ ^ 

Not Recommended 
Recommended Min ESR 



Pote 

ntial 

nstai 

>ility 


1000 

_ 


Regie 

Best 

>n of 
Stabi 

lity 




IB 

Wi 

f!K4 





00 111 


iSol 


Wi 





ii 

W 

M 

M 


M 


100 ^il 

□ 


m 


M 




■ 

m 

W* 







i 


iAfiil 

m 


m 




lu )j.r 




.:..1 


0.5 


0.5 1 


1.5 2 2.5 3 

1/ESR 


3.5 


4.5 


Figure 3 


Figure 4 
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TL750M, TL751M SERIES 
LOW-DROPOUT VOLTAGE REGULATORS 


SLVS021D - JANUARY 1988 - REVISED AUGUST 1995 

TYPICAL CHARACTERISTICS 

table of graphs 


1 _^^^_ 

FIGURE 

Transient input voltage 

vs Time 

5 

Output voltage 

vs Input voltage 

6 

Input current 

IO = 10mA 

vs Input voltage 

7 

l 0 = 100 mA 

vs Input voltage 

8 

Dropout voltage 

vs Output current 

9 

Quiescent current 

vs Output current 

10 

Load transient response 


11 

Line transient response 


12 


> 

I 


TRANSIENT INPUT VOLTAGE 



t - Time - ms 


Figure 5 


OUTPUT VOLTAGE 
vs 

INPUT VOLTAGE 



Figure 6 
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TL750M, TL751M SERIES 
LOW-DROPOUT VOLTAGE REGULATORS 
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TYPICAL CHARACTERISTICS 


INPUT CURRENT 
vs 

INPUT VOLTAGE 



V| - Input Voltage - V 


Figure 7 


DROPOUT VOLTAGE 



Iq ~ Output Current - mA 


Figure 9 


INPUT CURRENT 
vs 

INPUT VOLTAGE 



Figure 8 
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Iq - Output Current - mA 
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Figure 10 
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TL750M, TL751M SERIES 
LOW-DROPOUT VOLTAGE REGULATORS 


SLVS021D - JANUARY 1988 - REVISED AUGUST 1995 

TYPICAL CHARACTERISTICS 


LOAD TRANSIENT RESPONSE LINE TRANSIENT RESPONSE 
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TL780 SERIES 
POSITIVE VOLTAGE REGULATORS 

• _ _ SL VS055B - A PRIL 1 981 - REV I SED AUGUST 1995 

• ±1% Output Tolerance at 25°C 

• ±2% Output Tolerance Over Full Operating 
Range 

• Thermal Shutdown 

• Internal Short-Circuit Current Limiting 

• Pinout Identical to |iA7800 Series 

• Improved Version of |liA 7800 Series 

description 

Each fixed-voltage precision regulator in this 
series is capable of supplying 1.5 A of load 
current. A unique temperature-compensation 
technique coupled with an internally trimmed 
band-gap reference has resulted in improved 
accuracy when compared to other 3-terminal 
regulators. Advanced layout techniques provide 
excellent line, load, and thermal regulation. The 
Internal current limiting and thermal shutdown 
features make the devices essentially Immune to 
overload. 


AVAILABLE OPTIONS 


Tj 

Q. 

> 

PACKAGED DEVICES 

CHIP 

FORM 

(Y) 

HEAT-SINK MOUNTED 
(3-PIN) 

(KC) 


5 

TL78005CKC 

TL78005Y 

0°Cto125°C 

12 

TL78012CKC 

TL78012Y 


15 

TL78015CKC 

TL78015Y 


KC PACKAGE 
(TOP VIEW) 




PRODUCTION DATA information is current as of pubiication date. 
Products conform to specifications per the terms of Texas Instruments 
standard wairanty. Production processing does not necessariiy include 
testing of ail parameters. 
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TL780 SERIES 
POSITIVE VOLTAGE REGULATORS 


SLVS055B - APRIL 1981 - REVISED AUGUST 1995 

TL780-05Y, TL780-12Y, and TL780-15Y chip information 

These chips, when properly assembled, display characteristics similar to the TL780-xxC Series. Thermal 
compression or ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be 
mounted with conductive epoxy or a gold-silicon preform. 
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TL780 SERIES 

POSITIVE VOLTAGE REGULATORS 

SLVS055B - APRIL 1981 - REVISED AUGUST 1995 


absolute maximum ratings over operating temperature range (uniess otherwise noted)t 


Input voltage, V| .. 35 V 

Continuous total dissipation at Ta = 25°C (see Note 1) . . 2W 

Continuous total power dissipation at (or below) Tq = 25°C (see Note 1) . 15 W 

Operating free-air, Ta, case, Tq, or virtual junction, Tj, temperature range . 0°C to 150°C 

Storage temperature range, Tgtg .... -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ... 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: For operation above Ta = 25°C or Tq = 25°C, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction 
temperature, these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal 
resistance, the built-in thermal overload protection may be activated at power levels slightly above or below the rated dissipation. 


FREE-AIR TEMPERATURE CASE TEMPERATURE 

DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 



Ta - Free-Air Temperature - °C Tq- Case Temperature-°C 


Figure 1 Figure 2 


recommended operating conditions 
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TL780 SERIES 
POSITIVE VOLTAGE REGULATORS 


SLVS055B-APRIL 1981 - REVISED AUGUST 1995 


electrical characteristics at specified virtual junction temperature, V| = 10 V, Iq = 500 mA (unless 
otherwise noted) 


PARAMETER 

TEST CONDITIONS 

Tjt 

TL780-05C 

UNIT 

MIN TYP 

MAX 

Output voltage 

IO = 5mAto1A, P<15W, 

25°C 

4.95 5 

5.05 


V| = 7Vto20V 

0°Cto 125°C 

4.9 

5.1 


Input voltage regulation 

V| = 7 V to 25 V 

25°C 

0.5 

5 

mV 

V| = 8Vto12V 

0.5 

5 

Ripple rejection 

V| = 8Vto18V, f=120Hz 

0°Cto 125°C 

in 

00 

o 

dB 

Output voltage regulation 

Iq = 5 mA to 1.5 A 

25°C 

4 

25 

mV 

Iq = 250 mA to 750 mA 

1.5 

15 

Output resistance 

f = 1 kHz 

0°C to 125°C 

0.0035 

Q. 

Temperature coefficient of output voltage 

Iq = 5 mA 

0°Cto 125°C 

0.25 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25°C 

75 

pV 

Dropout voltage 

IO = 1 A 

25°C 

2 

V 

Input bias current 


25°C 

5 

8 

mA 

Input bias current change 

V| = 7 V to 25 V 

0°Cto 125°C 

0.7 

1.3 

mA 

Iq = 5 mA to 1 A 

0.003 

0.5 

Short-circuit output current 


25°C 

750 

mA 

Peak output current 


25°C 

2.2 

A 


t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into 
account separately. All characteristics are measured with a 0.33-pF capacitor across the input and a 0.22-|iF capacitor across the output. 


electrical characteristics at specified virtual junction temperature, V| = 19 V, Iq = 500 mA (unless 
otherwise noted) 


PARAMETER 

TEST CONDITIONS 

Tjt 

TL780-12C 

UNIT 

MIN TYP MAX 

Output voltage 

IO = 5mAto1A, P<15W, 

V| = 14.5 V to 27 V 

25°C 

11.88 12 12.12 

V 

0°Cto125°C 

11.76 12.24 

Input voltage regulation 

V| = 14.5 V to 30 V 

25°C 

1.2 12 

mV 

V| = 16 Vto22 V 

1.2 12 

Ripple rejection 

V| = 15Vto25V, f=120Hz 

0°Cto 125°C 

65 80 

dB 

Output voltage regulation 

Iq = 5 mA to 1.5 A 

25°C 

6.5 60 

mV 

Iq = 250 mA to 750 mA 

2.5 36 

Output resistance 

f = 1 kHz 

0°C to 125°C 

0.0035 

Q 

Temperature coefficient of output voltage 

Iq = 5 mA 

OX to 125X 

0.6 

mV/X 

Output noise voltage 

f= 10 Hz to 100 kHz 

25X 

180 

pV 

Dropout voltage 

IO = 1 A 

25X 

2 

V 

Input bias current 


25X 

CO 

in 

in 

mA 

Input bias current change 


OX to 125X 

CO 

d 

mA 

Iq = 5 mA to 1 A 

0.03 0.5 

Short-circuit output current 


25X 

350 

mA 

Peak output current 


25X 

2.2 

A 


t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into 
account separately. All characteristics are measured with a 0.33-pF capacitor across the input and a 0.22-pF capacitor across the output. 
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TL780 SERIES 

POSITIVE VOLTAGE REGULATORS 


SLVS055B - APRIL 1981 - REVISED AUGUST 1995 


electrical characteristics at specified virtual junction temperature, V| = 23 V, Iq = 500 mA (unless 
otherwise noted) 


PARAMETER 

TEST CONDITIONS 

Tjt 

TL780-15C 

UNIT 

MIN TYP MAX 

Output voltage 

iO = 5mAto1 A, P<15W, 

V| = 17.5 Vto30 V 

25°C 

14.85 15 15.15 

V 

0°C to125°C 

14.7 15.3 

Input voltage regulation 

Vj = 17.5 Vto30 V 

25‘^C 

1.5 . 15 

mV 

V| = 20 V to 26 V 

1.5 15 

Ripple rejection 

V| = 18.5 V to 28.5 V, f=120Hz 

0°C to 125°C 

60 75 

dB 

Output voltage regulation 

Iq = 5 mA to 1.5 A 

25°C 

7 75 

mV 

Iq = 250 mA to 750 mA 

2.5 45 

Output resistance 

f = 1 kHz 

0.0035 

a 

Temperature coefficient of output voltage 

Iq = 5 mA 

0°C to125°C 

0.62 

mV/°C 

Output noise voltage 

f=10Hz to 100 kHz 

25°C 

225 

pV 

Dropout voltage 

lO = 1 A 

25°C 

2 

V 

Input bias current 


25°C 

5.5 8 

mA 

Input bias current change 

V| = 17.5 V to 30 V 

0°C to125°C 

0.4 1.3 

mA 

Iq = 5 mA to 1 A 

0.02 0.5 

Short-circuit output current 


25°C 

230 

mA 

Peak output current 


25°C 

2.2 

A 


t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into 
account separately. All characteristics are measured with a 0.33-pF capacitor across the input and a 0.22-pF capacitor across the output. 


electrical characteristics, V| = 10 V, Iq = 500 mA, Tj = 25''C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

TL780-05Y 

UNIT 

MIN TYP MAX 

Output voltage 

IO = 5mAto1A, P<15W, 

5 

V 

Input voltage regulation 

V| = 7 V to 25 V 

0.5 

mV 

V| = 8Vto12V 

0.5 

Output voltage regulation 

Iq = 5 mA to 1.5 A 

4 

mV 

Iq = 250 mA to 750 mA 

1.5 

Output noise voltage 

f = 10 Hz to 100 kHz 

75 

pV 

Dropout voltage 

IO=1 A 

2 

V 

Input bias current 


5 

mA 

Short-circuit output current 


750 

mA 

Peak output current 


2.2 

A 


t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into 
account separately. All characteristics are measured with a 0.33-pF capacitor across the input and a 0.22-|j.F capacitor across the output. 


Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


3-76 














































































































TL780 SERIES 
POSITIVE VOLTAGE REGULATORS 


SLVS055B-APRIL 1981 - REVISED AUGUST 1995 


electrical characteristics, V| = 19 V, Iq = 500 mA, Tj = 25°C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

TL780-12Y 

UNIT 

MIN TYP MAX 

Output voltage 

IO = 5mAto1A, P<15W, 

12 

V 

Input voltage regulation 

Vj = 14.5 V to 30 V 

1.2 

mV 

V| = 16Vto 22 V 

1.2 

Output voltage regulation 

Iq = 5 mA to 1.5 A 

6.5 

mV 

Iq = 250 mA to 750 mA 

2.5 

Output noise voltage 

f = 10 Hz to 100 kHz 

180 

pV 

Dropout voltage 

< 

II 

P 

2 

V 

Input bias current 


5.5 

mA 

Short-circuit output current 


350 

mA 

Peak output current 


2.2 

A 


t Pulse-testing techniques the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into account 


separately. All characteristics are measured with a 0.33-pF capacitor across the input and a 0.22-pF capacitor across the output. 


electrical characteristics, V| = 23 V, Iq = 500 mA, Tj = 25°C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

TL780-15Y 

UNIT 

MIN TYP MAX 

Output voltage 

IO = 5mAto1A, P<15W, 

15 

V 

Input voltage regulation 

V| = 17.5 V to 30 V 

1.5 

mV 

V| = 20 V to 26 V 

1.5 

Output voltage regulation 

Iq = 5 mA to 1.5 A 

7 

mV 

Iq = 250 mA to 750 mA 

2.5 

Output resistance 

f=1 kHz 

0.0035 

Q 

Output noise voltage 

f = 10Hz to 100 kHz 

225 

pV 

Dropout voltage 

< 

II 

P 

2 

V 

Input bias current 


5.5 

mA 

Short-circuit output current 


230 

mA 

Peak output current 


2.2 

A 


t Pulse-testing techniques the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into account 
separately. All characteristics are measured with a 0.33-pF capacitor across the input and a 0.22-pF capacitor across the output. 


PARAMETER MEASUREMENT INFORMATION 


INPUT-^ 

C1 = 0.33 |xF _L 
(see Note A) 


1 TL780 o 

C 


-• - OUTPUT 

(see Note C) 

-L C2 = 0.22 ^iF 

(see Note B) 


NOTES: A. Cl is required when the regulator is far from the power supply filter. 

B. C2 is not required for stability; however, transient response is improved. 

C. Permanent damage can occur when output is pulled below ground. 

Figure 3. Test Circuit 
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TL780 SERIES 

POSITIVE VOLTAGE REGULATORS 


SLVS055B - APRIL 1981 - REVISED AUGUST 1995 

APPLICATION INFORMATION 


In 





1 iL.fOU*-AA| 

Out T 

Vi 

COMMON j 



GND 

-Vo 


Figure 4. Positive Reguiator in Negative 
Configuration (V| Must Fioat) 




TL780-XX 




~ri 

Cl 7= 
0.33 ^iF 




VofReg) 1 Ri 


OUTPUT 


‘o 


[q = (Vq/RI) + >0 Current 

Figure 5. Current Reguiator 


operation with a load common to a voltage of opposite polarity 

In many cases, a regulator powers a load that is not connected to ground but instead is connected to a voltage 
source of opposite polarity (e.g., operational amplifiers, level-shifting circuits, etc.). In these cases, a clamp 
diode should be connected to the regulator output as shown in Figure 6. This protects the regulator from output 
polarity reversals during startup and short-circuit operation. 


vj 



TL7I 




BO-xx 

T 1N4001 T 



A or <: 

_]_ Equivalent 


Vo 


-Vo 

Figure 6. Output Poiarity Reversal Protection Circuit 


reverse-bias protection 


Occasionally, the input voltage to the regulator can collapse faster than the output voltage. This, for example, 
could occur when the input supply is crowbarred during an output overvoltage condition. If the output voltage 
is greater than approximately 7 V, the emitter-base junction of the series pass element (internal or external) 
could break down and be damaged. To prevent this, a diode shunt can be employed, as shown in Figure 7. 


V| 


TL780-XX 




Vo 


Figure 7. Reverse-Bias Protection Circuit 
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TL783C TL783Y 
HIGH-VOLTAGE ADJUSTABLE REGULATORS 

, _ SLVS036B - SEPTEMBER 1981 - REVISED AUGUST 1995 

• Output Adjustable From 1.25 V to 125 V 
When Used With an External Resistor 
Divider 

• 700-mA Output Current 

• Full Short-Circuit, Safe-Operating-Area, and 
Thermal Shutdown Protection 

• 0.001 %/V Typical Input Voltage Regulation 

• 0.15% Typical Output Voltage Regulation 

• 76-dB Typical Ripple Rejection 

• Standard TO-220AB Package 

description 

The TL783C is an adjustable 3-terminal high-volt¬ 
age regulator with an output range of 1.25 V to 
125 V and a DMOS output transistor capable of 
sourcing more than 700 mA. It is designed for use 
in high-voltage applications where standard 
bipolar regulators cannot be used. Excellent performance specifications, superior to those of most bipolar 
regulators, are achieved through circuit design and advanced layout techniques. 

As a state-of-the-art regulator, the TL783C combines standard bipolar circuitry with high-voltage 
double-diffused MOS transistors on one chip to yield a device capable of withstanding voltages far higher than 
standard bipolar integrated circuits. Because of its lack of secondary breakdown and thermal runaway 
characteristics usually associated with bipolar outputs, the TL783C maintains full overload protection while 
operating at up to 125 V from input to output. Other features of the device include current limiting, 
safe-operating-area (SOA) protection, and thermal shutdown. Even if the adjustment terminal is inadvertently 
disconnected, the protection circuitry remains functional. 

Only two external resistors are required to program the output voltage. An input bypass capacitor is necessary 
only when the regulator is situated far from the input filter. An output capacitor, although not required, improves 
transient response and protection from Instantaneous output short circuits. Excellent ripple rejection can be 
achieved without a bypass capacitor at the adjustment terminal. 


AVAILABLE OPTIONS 


Tj 

PACKAGED DEVICE 

CHIP 

FORM 

(Y) 

HEAT-SINK MOUNTED 
(3-PIN) 

(KC) 

0°Cto 125°C 

TL783CKC 

TL783Y 


KC PACKAGE 
(TOP VIEW) 




PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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TL783C TL783Y 

HIGH-VOLTAGE ADJUSTABLE REGULATORS 


SLVS036B - SEPTEMBER 1981 - REVISED AUGUST 1995 


TL783Y chip information 


This chip, when properly assembled, displays characteristics similar to the TL783C. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum bonding pads. The chip may be mounted with 
conductive epoxy or a gold-silicon preform. 
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TL783C TL783Y 
HIGH-VOLTAGE ADJUSTABLE REGULATORS 


SLVS036B - SEPTEMBER 1981 - REVISED AUGUST 1995 


functional block diagram 


\Am 

P" 


INPUT 

Error _| 

Amplifier | | ^ 


Protection 

Circuit 


OUTPUT 


ADJUSTMENT 




-Vo 


Vref 


R1 


R2 


absolute maximum ratings over operating temperature range (unless otherwise noted)t 


Input-to-output differential voltage, Vj - Vq .. 125 V 

Continuous total power dissipation at (or below) = 25°C (see Note 1) . 2 W 

Continuous total power dissipation at (or below) Tq = 70°C (see Note 1) . 20 W 

Operating free-air, T^, case, Tq, or virtual junction, Tj, temperature range . 0°C to 150°C 

Lead temperature 1,6 mm (1/16 Inch) from case for 10 seconds . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 ; For operation above T/s^ = 25°C or Tq = 70°C, refer to Figures 1 and 2, respectively. To avoid exceeding the design maximum virtual 
junction temperature, these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal 
resistance, the built-in thermal overload protection may be activated at power levels slightly above or below the rated dissipation 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



25 50 75 100 125 150 


I 


I 

Q. 


O 

o 

E 


CASE TEMPERATURE 



25 50 75 100 125 150 


Ta - Free-Air Temperature - °C 


Tq - Case Temperature - °C 


Figure 1 


Figure 2 
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TL783C TL783Y 

HIGH-VOLTAGE ADJUSTABLE REGULATORS 


SLVS036B - SEPTEMBER 1981 - REVISED AUGUST 1995 


recommended operating conditions 



MIN 

MAX 

UNIT 

Input-to-output voltage differential, Vj - Vq 

125 

V 

Output current, Iq 

15 

700 

mA 

Operating virtual junction temperature, Tj 

0 

125 

°C 


eiectricai characteristics at V| - Vq = 25 V, Iq = 0.5 A, Tj = to 125''C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

TL783C 

UNIT 

MIN TYP MAX 

Input voltage regulation^ 

V| - Vq = 20 V to 125 V, P < rated dissipation 

Tj = 25°C 

0.001 0.01 

%/V 

Tj = 0°C to 125°C 

0.004 0.02 

Ripple rejection 

AV|(pp) = 10V, Vo = 10 V, f=120Hz | 

66 76 

dB 

Output voltage regulation 

Iq = 15 mA to 700 mA, Tj = 25°C 

Vo< 5V 

7.5 25 

mV 

Vo > 5 V 

0.15% 0.5% 


Iq = 15 mA to 700 mA, P < rated dissipation 

Vo< 5V 

20 70 

mV 

Vo> 5V 

0.3% 1.5% 


Output voltage change with 
temperature 


0.4% 


Output voltage long-term drift 

1000 hours at Tj = 125°C, V| - Vq = 125 V, See Note 2 

0.2% 


Output noise voltage 

f = 10 Hz to 10 kHz, Tj = 25°C 

0.003% 


Minimum output current to 
maintain regulation 

V|-Vo = 125V 

15 

mA 

Peak output current 

V| - Vq = 25 V, t = 1 ms 

1100 

mA 

V|-Vo = 15V, t = 30ms 

715 

V| - Vo = 25 V, t = 30 ms 

700 900 

V|-Vo = 125V, t = 30ms 

100 250 

Adjustment-terminal current 


o 

CO 

00 

pA 

Change in adjustment- 
terminal current 

V| - Vo = 15 V to 125 V, lo = 15 mAto 700 mA, P < rated dissipation 

0.5 5 

pA 

Reference voltage 
(OUTPUT to ADJUSTMENT) 

V| - Vo = 10 V to 125 V, lo=15 mA to 700 mA, P < rated dissipation. 
See Note 3 

1.2 1.27 1.3 

V 


t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into 
account separately. 

t Input voltage regulation is expressed here as the percentage change in output voltage per 1 -V change at the input. 

NOTES: 2. Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a 
guarantee or warranty. It is an engineering estimate of the average drift to be expected from lot to lot. 

3. Due to the dropout voltage and output current-limiting characteristics of this device, output current is limited to less than 700 mA 
at input-to-output voltage differentials of less than 25 V. 
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TL783C TL783Y 
HIGH-VOLTAGE ADJUSTABLE REGULATORS 


SLVS036B - SEPTEMBER 1981 - REVISED AUGUST 1995 


electrical characteristics at V| - Vq = 25 V, Iq = 0-5 A, Tj = 25°C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

TL783Y 

UNIT 

MIN TYP MAX 

Input voltage regulation^ 

V| - Vq = 20 V to 125 V, P < rated dissipation 

0.001 

%/V 

Ripple rejection 

AV|(pp) = 10V. Vo = 10 V, f=:120Hz 

76 

dB 

Output voltage regulation 

IO = 15 mA to 700 mA 

Vo< 5V 

7.5 

mV 

Vo> 5V 

0.15% 


Iq = 15 mA to 700 mA, , P < rated dissipation 

Vo< 5V 

20 

mV 

Vo> 5 V 

0.3% 


Output voltage change with 
temperature 


0.4% 


Output noise voltage 

f= 10 Hz to 10 kHz 

0.003% 


Peak output current 

V|-Vo = 25V, t = 1ms 

1100 

mA 

Vi-Vo = 15V, t = 30ms 

715 

V| - Vo = 25 V, t = 30 ms 

900 

V|-Vo = 125V, t = 30ms 

250 

Adjustment-terminal current 


83 

pA 

Change in adjustment- 
terminal current 

V| - Vo = 15 Vto 125 V, lo = 15 mA to 700 mA, P < rated dissipation 

0.5 

pA 

Reference voltage 
(OUTPUT to ADJUSTMENT) 

V| - Vo = 10 V to 125 V, lo = 15 mA to 700 mA, P < rated dissipation. 
See Note 3 

1.27 

V 


t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into 
account separately. 

t Input voltage regulation is expressed here as the percentage change in output voltage per 1-V change at the input. 

NOTES: 2 Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a 
guarantee or warranty. It is an engineering estimate of the average drift to be expected from lot to lot. 

3 Due to the dropout voltage and output current-limiting characteristics of this device, output current is limited to less than 700 mA 
at input-to-output voltage differentials of less than 25 V. 
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TL783G TL783Y 

HIGH-VOLTAGE ADJUSTABLE REGULATORS 


SLVS036B - SEPTEMBER 1981 - REVISED AUGUST 1995 

TYPICAL CHARACTERISTICS 


OUTPUT CURRENT LIMIT 
vs 

INPUT-TO-OUTPUT VOLTAGE DIFFERENTIAL 



Figure 3 
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OUTPUT CURRENT LIMIT 
vs 
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Figure 5 


OUTPUT CURRENT LIMIT 


vs 

INPUT-TO-OUTPUT VOLTAGE DIFFERENTIAL 



0 25 50 75 100 125 

V| - Vq - Input-to-Output Voltage Differential - V 

Figure 4 

RIPPLE REJECTION 


vs 



0 10 20 30 40 50 60 70 80 90 100 

Vq - Output Voltage - V 

Figure 6 
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TL783C TL783Y 
HIGH-VOLTAGE ADJUSTABLE REGULATORS 


SLVS036B - SEPTEMBER 1981 - REVISED AUGUST 1995 

TYPICAL CHARACTERISTICS 
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Figure 7 


Figure 8 


OUTPUT IMPEDANCE 


vs 

FREQUENCY 



REFERENCE VOLTAGE 
vs 

VIRTUAL JUNCTION TEMPERATURE 



Tj - Virtual Junction Temperature - °C 


Figure 10 
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TYPICAL CHARACTERISTICS 


ADJUSTMENT-TERMINAL CURRENT 


vs 



0 25 50 75 100 125 


Tj - Virtual Junction Temperature - °C 

Figure 11 


OUTPUT VOLTAGE DEVIATION 
vs 



0 25 50 75 100 125 150 


Tj ~ Virtual Junction Temperature - °C 


DROPOUT VOLTAGE 
vs 

VIRTUAL JUNCTION TEMPERATURE 



Tj - Virtual Junction Temperature - °C 


Figure 12 


OUTPUT CURRENTt 
vs 



0 25 50 75 100 125 

V| - input Voltage - V 

tjhls is the minimum current required to maintain voltage 
regulation. 


Figure 13 


Figure 14 
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HIGH-VOLTAGE ADJUSTABLE REGULATORS 
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TYPICAL CHARACTERISTICS 


LINE TRANSIENT RESPONSE 



> 

I 


u 


Figure 15 


LOAD TRANSIENT RESPONSE 



Figure 16 


DESIGN CONSIDERATIONS 

The internal reference (see functional block diagram) generates 1.25 V nominal (Vref) between the output and 
adjustment terminals. This voltage is developed across R1 and causes a constant current to flow through R1 
and the programming resistor R2, giving an output voltage of: 

Vo = Vref(1 +R2/R1) + ladj{R2) 
or 

Vo~Vref (1+R2/R1). 

The TL783C was designed to minimize lad] and maintain consistency over line and load variations, thereby 
minimizing the lad] (R2) error term. 

To maintain lad] at a low level, all quiescent operating current is returned to the output terminal. This quiescent 
current must be sunk by the external load and Is the minimum load current necessary to prevent the output from 
rising. The recommended R1 value of 82 Q. provides a minimum load current of 15 mA. Larger values can be 
used when the input-to-output differential voltage is less than 125 V (see output current curve) or when the load 
sinks some portion of the minimum current. 

bypass capacitors 

The TL783C regulator is stable without bypass capacitors; however, any regulator becomes unstable with 
certain values of output capacitance if an input capacitor is not used. Therefore, the use of input bypassing is 
recommended whenever the regulator Is located more than four inches from the power-supply filter capacitor. 
A 1-|iF tantalum or aluminum electrolytic capacitor is usually sufficient. 
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HIGH-VOLTAGE ADJUSTABLE REGULATORS 


SLVS036B - SEPTEMBER 1981 - REVISED AUGUST 1995 

DESIGN CONSIDERATIONS 


bypass capacitors (continued) 

Adjustment-terminal capacitors are not recommended for use on the TL783C because they can seriously 
degrade load transient response as well as create a need for extra protection circuitry. Excellent ripple rejection 
is presently achieved without this added capacitor. 

Due to the relatively low gain of the MOS output stage, output voltage dropout may occur under large load 
transient conditions. The addition of an output bypass capacitor greatly enhances load transient response as 
well as prevent dropout. For most applications, It is recommended that an output bypass capacitor be used with 
a minimum value of: 

Co (pF) = 15/Vo 

Larger values provide proportionally better transient response characteristics. 

protection circuitry 

The TL783C regulator includes built-in protection circuits capable of guarding the device against most overload 
conditions encountered in normal operation. These protective features are current limiting, safe-operating-area 
protection, and thermal shutdown. These circuits are meant to protect the device under occasional fault 
conditions only. Continuous operation in the current limit or thermal shutdown mode is not recommended. 

The internal protection circuits of the TL783C protect the device up to maximum-rated Vj as long as certain 
precautions are taken. If V| Is instantaneously switched on, transients exceeding maximum input ratings may 
occur, which can destroy the regulator. These are usually caused by lead inductance and bypass capacitors 
causing a ringing voltage on the input. In addition, when rise times in excess of 10 V/ns are applied to the input, 
a parasitic npn transistor In parallel with the DMOS output can be turned on causing the device to fail. If the 
device is operated over 50 V and the input Is switched on rather than ramped on, a low-Q capacitor, such as 
tantalum or aluminum electrolytic should be used rather than ceramic, paper, or plastic bypass capacitors. A 
Q factor of 0.015 or greater usually provides adequate damping to suppress ringing. Normally, no problems 
occur if the input voltage is allowed to ramp upward through the action of an ac line rectifier and filter network. 

Similarly, when an instantaneous short circuit is applied to the outputs, both ringing and excessive fall times can 
result. A tantalum or aluminum electrolytic bypass capacitor is recommended to eliminate this problem. 
However, if a large output capacitor Is used and the input is shorted, addition of a protection diode may be 
necessary to prevent capacitor discharge through the regulator. The amount of discharge current delivered is 
dependent on output voltage, size of capacitor, and fall time of V|. A protective diode (see Figure 17) Is required 
only for capacitance values greater than: 

Co (|xF) = 3x104/(Vo)2. 

Care should always be taken to prevent insertion of regulators into a socket with power on. Power should be 
turned off before removing or inserting reguiators. 
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DESIGN CONSIDERATIONS 


protection circuitry (continued) 



Figure 17. Regulator With Protective Diode 


load regulation 

The current set resistor (R1) should be located close to the regulator output terminal rather than near the load. 
This eliminates long line drops from being amplified through the action of R1 and R2 to degrade load regulation. 
To provide remote ground sensing, R2 should be near the load ground. 




Figure 18. Regulator With Current-Set Resistor 
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HIGH-VOLTAGE ADJUSTABLE REGULATORS 
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APPLICATION INFORMATION 


V| =145 to 200 V 



, Figure 19.1.25-V to 115-V Adjustable Regulator Figure 20. 125-y Short-Circuit-Protected 

Off-Line Regulator 



Figure 21. 50-V Regulator With Current Boost Figure 22. Adjustable Regulator With Current 

Boost and Current Limit 
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APPLICATION INFORMATION 



Figure 23. Current-Sinking Regulator Figure 24. Current-Sourcing Regulator 


Vcc V| = 90 V 



V- 


Figure 25. High-Voltage Unity-Gain Offset Amplifier Figure 26. 48-V, 200-mA Float Charger 
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TL1431C, TL1431Q, TL1431Y 
PRECISION PROGRAMMABLE REFERENCES 


SLVS062B - DECEMBER 1991 - REVISED AUGUST 1995 


I • 0.4% Initial Voltage Tolerance 
I • 0.1-Q Typical Output Impedance 
I • Fast Turn On ... 500 ns 

• Sink Current Capability ... 1 mA to 100 mA 

• Low REF Current 

• Adjustable Output Voltage ... V^ef to 36 V 

• Available In Two High-Density Packaging 

Options: 

- Small Outline (D) 

- TO-226AA(LP) 

description 

The TL1431 is a precision programmable reference 
with specified thermal stability over applicable 
automotive and commercial temperature ranges. 
The output voltage may be set to any value between 
V|(ref) (approximately 2.5 V) and 36 V with two 
external resistors (see Figure 16). These devices 
have a typical output impedance of 0.1 Q. Active 
output circuitry provides a very sharp turn-on 
characteristic, making these devices excellent 
replacements for zener diodes and other types of 
references in applications such as on-board 
regulation, adjustable power supplies, and 
switching power supplies. 

The TL1431 is offered in a wide variety of 
high-density packaging options. It is also available 
in both the automotive temperature range and the 
commercial temperature range. The TL1431C Is 
characterized for operation over the commercial 
temperature range of 0°C to 70°C. The TL1431Q is 
characterized for operation over the automotive 
temperature range of-40°C to 125°C. 


D PACKAGE 
(TOP VIEW) 



NC - No internal connection 

ANODE terminals are internally connected. 


LP PACKAGE 
(TOP VIEW) 



CATHODE 

ANODE 

REF 


application schematic 


5-V Precision Regulator 



NOTEA: Rb should provide cathode current > 1-mA to the 
TL1431. 


AVAILABLE OPTIONS 


PACKAGED DEVICES | 

CHIP FORM 
(Y) 

Ta 

SMALL OUTLINE 
(D) 

TO-226AA 

(LP) 

0°C to 70°C 

TL1431CD 

TL1431CLP 

TL1431Y 

-40°C to 125°C 

TL1431QD 

TL1431QLP 


The D and LP packages are available taped and reeled. Add R suffix to device 
type (e.g., TL1431CDR). Chip forms are tested at 25°C. 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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TL1431C,TL1431Q,TL1431Y 
PRECISION PROGRAMMABLE REFERENCES 


SLVS062B - DECEMBER 1991 - REVISED AUGUST 1995 

symbol 



CATHODE 


functional block diagram 

CATHODE 



ANODE 


TL1431Y chip information 

This chip, when properly assembled, displays characteristics similar to the TL1431. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum bonding pads. The chip may be mounted with 
conductive epoxy or a gold-silicon preform. 
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equivalent schematic 

_ :_ a _ 

REF -?■#—[ 

hA. 





1 3.28 kQ 

2.4 kQ < 

1 7.2 kn ^ 

\i - 

r 1 

AKinnp 2,3,6,7_, 

1 ^ 

NOTE A: All component values are nominal. 
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TL1431C,TL1431Q,TL1431Y 
PRECISION PROGRAMMABLE REFERENCES 


SLVS062B - DECEMBER 1991 - REVISED AUGUST 1995 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


cathode voltage,V ka (see Note 1) .. 37 V 

Continuous cathode current range, Ika .. -100 mA to 150 mA 

Reference input current range, I|(ref) . “50 pA to 10 mA 

Continuous total power dissipation . See Dissipation Rating Table 

Operating free-air temperature range, Ta: C suffix . .. 0°C to 70°C 

Q suffix .. -40°Cto125°C 

Storage temperature range, Tstg ... -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to ANODE unless otherwise noted. 


DISSIPATION RATING TABLE 


PACKAGE 

Ta < 25°C 

DERATING FACTOR 

Ta = 70 °c 

Ta = 105 °c 

Ta = 125°C 

POWER RATING 

ABOVE Ta = 25°C 

POWER RATING 

POWER RATING 

POWER RATING 

D 

725 mW 

5.8 mW/°C 

464 mW 

261 mW 

145 mW 

LP 

775 mW 

6.2 mW/°C 

496 mW 

279 mW 

155 mW 


recommended operating conditions 
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TL1431C, TL1431Q, TL1431Y 
PRECISION PROGRAMMABLE REFERENCES 


SLVS062B - DECEMBER 1991 - REVISED AUGUST 1995 


electrical characteristics at specified free-air temperature, Ika = mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TAt 

TEST 

CIRCUIT 

TL1431C 

TL1431Q 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V|(ref) Reference input voltage 

Vka = Vi(ref) 

25°C 

■ 

2490 2500 2510 

2490 2500 2510 

mV 

Full 

range 

2480 2520 

2470 2530 

Deviation of reference 
V|(dev) input voltage over full 
temperature ranged 

VkA = V|(ref) 

Full 

range 

■ 

4 20 

17 55 

mV 

Ratio of change in 

AV|(ref) reference input voltage 
AVka to the change in 

cathode voltage 

AVka = 3 V to 36 V 

Full 

range 

2 

-1.1 -2 

-1.1 -2 

mVA/ 

•l(ref) Reference input current 

R1=10kO, R2 = oo 

25X 

2 

1.5 2.5 

1.5 2.5 

pA 

Full 

range 

3 

3 

Deviation of reference 
•l(dev) input current over full 

temperature ranget 

R1=:10kQ, R2 = oo 

Full 

range 

2 

0.2 1.2 

0.5 1.2 

pA 

Minimum cathode 
current for regulation 

VKA = Vl(ref)to36V 

25°C 

1 

0.45 1 

0.45 1 

mA 

Off-state cathode 
off current 

Vka = 36 V, V,(ref) = 0 

25°C 

3 

0.18 0.5 

0.18 0.5 

pA 

Full 

range 

2 

2 

IzkaI Output impedance§ 

Vka = V|(ref). f ^ 1 kHz, 
Ika = 1 niA to 100 mA 

25°C 

1 

0.1 0.2 

0.1 0.2 

Q 


t Full range is 0°C to 70°C for C-suffix devices and -40°C to 125°C for Q-suffix devices. 

t The deviation parameters V|(ciev) *l(dev) 3''® defined as the differences between the maximum and minimum values obtained over the rated 

temperature range. The average full-range temperature coefficient of the reference input voltage avr(ref) 's defined as: 



avref's positive or negative depending on whether minimum V|(ref) or maximum V|(ref). respectively, occurs at the lower temperature. 

§ The output impedance is defined as: Izj, *1 = 

^ AIka 

When the device is operating with two external resistors (see Figure 2), the total dynamic impedance of the circuit is given by: 


\z'\ = which is approximately equal tojzj^A 
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TL1431C, TL1431Q, TL1431Y 
PRECISION PROGRAMMABLE REFERENCES 


SLVS062B- DECEMBER 1991 - REVISED AUGUST 1995 


electrical characteristics at iKA = “*0 niA, = 25°C 


PARAMETER 


Reference input voltage 


AV|(re f) Ratio of change in reference input voltage to the 
^Vka change in cathode voltage 


Reference input current 


iKAiTiio Minimum cathode current for regulation 


loff Off-state cathode current 


IzkaI Output impedancet 


t The output impedance is defined as: Iz'l = ^ 

When the device is operating with two external resistors (see Figure 2), the total dynamic impedance of the circuit is given by 

1 I ^^KA I \ ( Rl\ 

I^KAi ^ .which is approximately equal to +-^j ■ 


TEST CONDITIONS 


Vka = V|(ref 


AVKA = 3Vto36V 


R1=:10ka R2=:00 


Vka = V|(ref) to 36 V 


Vka = V|(ref). t ^ 1 kHz, 
IkA = 1 mAto 100 mA 


TEST 

CIRCUIT 



TL1431Y 

UNIT 

MIN TYP MAX 

2490 2500 2510 

mV 

-1.1 -2 

mVA/ 

1.44 2.5 

pA 

0.45 1 

mA 

0.18 0.5 

PA 

0.1 0.2 

Q 


PARAMETER MEASUREMENT INFORMATION 



Figure 3. Test Circuit for ioff 
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TL1431C, TL1431Q, TL1431Y 
PRECISION PROGRAMMABLE REFERENCES 


SLVS062B - DECEMBER 1991 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTICS 


Table of Graphs 
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TL1431C,TL1431Q,TL1431Y 
PRECISION PROGRAMMABLE REFERENCES 


SLVS062B - DECEMBER 1991 - REVISED AUGUST 1995 

TYPICAL CHARACTERISTICSt 


REFERENCE VOLTAGE 


VS 



-50 -25 0 25 50 75 100 125 

T/v - Free-Air Temperature - °C 


Figure 4 


CATHODE CURRENT 
vs 



-3-2-10 1 2 

Vka ” Cathode Voltage - V 


Figure 6 


REFERENCE CURRENT 



Ta “ Free-Air Temperature - °C 


Figure 5 

CATHODE CURRENT 


vs 



-2-1 0 12 3 4 


Vka “ Cathode Voltage - V 

Figure 7 


4r ■ 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TL1431C, TL1431Q, TL1431Y 
PRECISION PROGRAMMABLE REFERENCES 
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TYPICAL CHARACTERISTICSt 


OFF-STATE CATHODE CURRENT 


VS 



-50 -25 0 25 50 75 100 125 

T/v - Free-Air Temperature - °C 


RATIO OF DELTA REFERENCE VOLTAGE TO 
DELTA CATHODE VOLTAGE 
vs 

FREE-AIR TEMPERATURE 



Figure 8 Figure 9 

EQUIVALENT INPUT NOISE VOLTAGE 


vs 



10 100 Ik 10 k 100 k 

f - Frequency - Hz 


Figure 10 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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KA* ” Reference Impedance -Q Ay - Small-Signal Voltage Amplification - dB 


TL1431C, TL1431Q, TL1431Y 
PRECISION PROGRAMMABLE REFERENCES 
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TEST CIRCUIT FOR VOLTAGE AMPLIFICATION 



TEST CIRCUIT FOR REFERENCE IMPEDANCE 


Figure 13 
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TL1431C,TL1431Q, TL1431Y 
PRECISION PROGRAMMABLE REFERENCES 


SLVS062B- DECEMBER 1991 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTICS 

PULSE RESPONSE 


> 

I 


Ta = 

25°C 


Input 























Out 

put 




r 



















L_ 



V| 

-f- 


Pulse 
Generator 
f = 100 kHz 


2 3 4 

t - Time - |xs 


Figure 14 



Cl “ Load Capacitance - |xF 

tjhe areas under the curves represent conditions that may cause 
the device to oscillate. For curves B, C, and D, R2 and V+ are 
adjusted to establish the initial Vka aod Ika conditions with Cl = 0. 
VBATT®>^clCLarethenadjusted to determine the rangesof stability. 


220 Q 

-AAA/— 


50 


-r 


Output 


GND 


TEST CIRCUIT FOR PULSE RESPONSE 


150 Q 




Figure 15 
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TL1431C,TL1431Q, TL1431Y 
PRECISION PROGRAMMABLE REFERENCES 


SLVS062B - DECEMBER 1991 - REVISED AUGUST 1995 


APPLICATION INFORMATION 
Table of Application Circuits 


APPLICATION 

FIGURE 

Shunt regulator 

16 

Single-supply comparator with temperature-compensated threshold 

17 

Precision high-current series regulator 

18 

Output control of a 3-terminal fixed regulator 

19 

Higher-current shunt regulator 

20 

Crowbar 

21 

Precision 5-V, 1.5-A, 0.5% regulator 

22 

Efficient 5-V precision regulator 

23 

PWM down converter with 0.5% reference 

24 

Voltage monitor 

25 

Delay timer 

26 

Precision current limiter 

27 

Precision constant-current sink 

28 


V(BATT) 



R 



NOTE A: R should provide cathode current > 1 -mA to the TL1431 — 

at minimum V(baTT.) 

Figure 16. Shunt Regulator Figure 17. Single-Supply Comparator With 

Temperature-Compensated Threshold 
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TL1431C, TL1431Q, TL1431Y 
PRECISION PROGRAMMABLE REFERENCES 


SLVS062B - DECEMBER 1991 - REVISED AUGUST 1995 

APPLICATION INFORMATION 



NOTE A: R should provide cathode current > 1 -mA to the TL1431 
at minimum V( 0 aj 7 ) 

Figure 18. Precision High-Current 
Series Reguiator 



Vo 


Min V = V|(ref) + 5 V 


Figure 19. Output Control of a 3-Terminal 
Fixed Regulator 




Vo 


NOTE A: Refer to the stability boundary conditions on 
Figure 15 to determine allowable values for the 
capacitor. 


Figure 21. Crowbar 
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TL1431C, TL1431Q,TL1431Y 
PRECISION PROGRAMMABLE REFERENCES 
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APPLICATION INFORMATION 




Figure 22. Precision 5-V, 1.5-A, 0.5% Regulator Rbs^houid^videcam^^^ 

Figure 23. 5-V Precision Regulator 


12 V 



Figure 24. PWM Converter With 0.5% Reference 
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TL1431C, TL1431Q, TL1431Y 
PRECISION PROGRAMMABLE REFERENCES 

SLVS062B- DECEMBER 1991 - REVISED AUGUST 1995 


APPLICATION INFORMATION 


R3 



High Limit = 


Low Limit < V(baTT) < Limit 


NOTE A: R3 & R4 are selected to provide the desired LED intensity 
and cathode current >1 mA to the TL1431. 


Figure 25. Voltage Monitor 


680 Q 



Deiay = R x C x i. 


12 V 


l(12 V) - V, 


l(ref) 


Figure 26. Delay Timer 



R1 ''(BATT) 

( 4 ) + 'ka 


Figure 27. Precision Current Limiter 


V(BATT) 



Figure 28. Precision Constant-Current Sink 
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TLV431A 

LOW-VOLTAGE ADJUSTABLE PRECISION SHUNT REGULATORS 


Low-Voltage Operation ... to 1.24 V 
1% Reference Voltage Tolerance 
Adjustable Output Voltage, 

Vo = Vrefto6V 

Low Operational Cathode Current... 80 |xA 
0.25 Q Typical Output Impedance 
SOT-23 Package 


description 


DBV5 PACKAGE 
(TOP VIEW) 



CATHODE 


NC - No internal connection 


CATHODE 


[] ANODE 


The TLV431A is a low-voltage 3-terminal lp package 

adjustable voltage reference with specified ^jqp view) 

thermal stability over applicable Industrial and _ 

commercial temperature ranges. Output voltage /^lj CATHODE 

may be set to any value between V^gf (1 -24 V) and / 

6 V with two external resistors (see Figure 2). The I lj ANODE 

TLV431A operates from a lower voltage (1.24 V) REF 

than the widely used TL431 and TL1431 shunt ^ 

regulator references. 

When used with an optocoupler, the TLV431A is an ideal voltage reference in an Isolated feedback circuit for 
3-V to 3.3-V switching-mode power supplies. This device has a typical output Impedance of 0.25 O. Active output 
circuitry provides a very sharp turn-on characteristic, making the TLV431A an excellent replacement for 
low-voltage zener diodes in many applications, including on-board regulation and adjustable power supplies. 


AVAILABLE OPTIONS 


1 1 PACKAGED DEVICES | 

Ta TO-92 

SOT-23 

(LP) 

(DBV5) 

0°Cto70°C TLV431ACLP 

TLV431ACDBV5 

-40°C to 85°C TLV431AILP 

TLV431AIDBV5 


CHIP FORM 
(Y) 


The LP package is available taped and reeled. Add R suffix to device type (e.g., TLV431ACLPR). 
The DBV5 is only available taped and reeled (no R suffix is required). 


symbol 


functional block diagram 



PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of ail parameters. 
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LOW-VOLTAGE ADJUSTABLE PRECISION SHUNT REGULATORS 
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TLV431A 

LOW-VOLTAGE ADJUSTABLE PRECISION SHUNT REGULATORS 


SLVS130 - OCTOBER 1995 

TLV431 AY chip information 

This chip, when properly assembled, displays characteristics similar to the TLV431 A. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum bonding pads. Chips may be mounted with conductive 
epoxy or a gold-silicon preform. 
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TLV431A 

LOW-VOLTAGE ADJUSTABLE PRECISION SHUNT REGULATORS 


SLVS130 - OCTOBER 1995 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Cathode voltage, V^a (see Note 1) ....... 7 V 

Continuous cathode current range, Ik ... -20 mA to 20 mA 

Reference current range, l^ef ... -0.05 mA to 3 mA 

Power dissipation, Pp . See Dissipation Rating Table 

Operating free-air temperature range, T^: C-suffix . 0°C to 70°C 

l-suffix .... -40°Cto85°C 

Storage temperature range, Tgtg ..... .. -OS'^C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ....... 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings oniy, and 
functionai operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1; Voltage values are with respect to the anode terminal, unless otherwise noted. 


DISSIPATION RATING TABLE 


PACKAGE 

Ta<25°C 
POWER RATING 

DERATING FACTOR 
ABOVE Ta = 25X 

Ta = 70°C 
POWER RATING 

Ta = 85°C 
POWER RATING 

LP 

775 mW 

6.2 mW/X 

496 mW 

403 mW 

DBV5 

150 mW 

1.2 mW/^’C 

96 mW 

78 mW 


recommended operating conditions 



MIN 

MAX 

UNIT 

Cathode voltage, Vka 

Vref 

6 

V 

Cathode current, Ik 

0.1 

15 

mA 

Operating free-air temperature range, Ta 

TLV431AC 

0 

70 

°C 

TLV431AI 

-40 

85 
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TLV431A 

LOW-VOLTAGE ADJUSTABLE PRECISION SHUNT REGULATORS 

SLVS130 - OCTOBER 1995 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

1 TLV431AC 1 

1 TLV431AI 1 

UNIT 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Vref 

Reference voltage 

yKA = Vref. Ta = 25'-C 

1.228 

1.240 

1.252 

1.228 

1.240 

1.252 

V 

See Figure 1 Ta = full range 

1.221 


1.259 

1.215 


1.265 

Vref(dev) 

Vref deviation over full 
temperature range 
(see Note 3) 

VkA= Vref. •K = 10mA, 

See Note 2 and Figure 1 



6 

20 

mV 

^Vref 

^Vka 

Ratio of Vref change in 
cathode voltage change 

Ik = 10 mA, AVka = Vref 6 V, 

See Figure 2 


-1.5 

B 


-1.5 

m 

mV 

V 

•ref 

Reference terminal 
current 

Ik = 10 mA, R1=:10ka, 

R2 = oo, See Figure 2 


0.15 

0.5 


0.15 

0.5 

|iA 

•ref (dev) 

l|(ref) deviation over full 
temperature range 
(see Note 3) 

Ik = 10 mA, R1 = 10ka 

R2 = oo, 

See Note 2 and Figure 2 


0.05 

0.3 


0.1 

0.4 

pA 

•K(min) 

Minimum cathode current 
for regulation 

Vka = Vref, See Figure 1 


55 

80 


55 

80 

pA 

•off 

Off-state cathode current 

VkA = 6 V, Vref = 0. 

See Figure 3 


0.001 

0.1 


0.001 

0.1 

pA 

Kal 

Dynamic impedance 
(see Note 4) 

Vka = Vref. f^ll^Hz, 

Ik = 0.1 mA to 15 mA 

See Figure 1 


0.25 

0.4 


0.25 

0.4 

Q 


NOTES: 2. Full temperature range is -40°C to 85°C for TLV431 Al, and 0°C to 70°C for the TLV431 AC. 

3. The deviation parameters Vref(dev) Iref(dev) 3''® defined as the differences between the maximum and minimum values obtained 

over the rated temperature range. The average full-range temperature coefficient of the reference input voltage, aVref, 
is defined as: 



ref(dev) 

V,e, (Ta=25»C) 


where ATa is the rated operating free-air temperature range of the device. 

aVref positive or negative depending on whether minimum Mxei o'" maximum Vref, respectively, occurs at the lower 
temperature. 

, I 

4. The dynamic impedance is defined as: ^ 

K 

When the device is operating with two external resistors (see Figure 2), the total dynamic impedance of the circuit is given by: 
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TLV431A 

LOW-VOLTAGE ADJUSTABLE PRECISION SHUNT REGULATORS 


SLVS130 - OCTOBER 1995 

PARAMETER MEASUREMENT INFORMATION 



Vo 



Figure 1. Test Circuit for Vka = Vref 
Vo = VKA = Vref 


Figure 2. Test Circuit for Vka > V^ef 
Vo = Vka = Vref X (1 + R1/R2)+iref x R1 


Input —WV—^ 


^ loff 


Vo 



Figure 3. Test Circuit for loff 
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TLV431A 

LOW-VOLTAGE ADJUSTABLE PRECISION SHUNT REGULATORS 


SLVS130 - OCTOBER 1995 

PARAMETER MEASUREMENT INFORMATION 


REFERENCE VOLTAGE 


vs 



-50 -25 0 25 50 75 100 125 150 

Tj - Junction Temperature - °C 

Figure 4 

CATHODE CURRENT 


vs 



-1 -0.5 0 0.5 1 1.5 

Vka “ Cathode Voltage - V 


REFERENCE INPUT CURRENT 


vs 



-50 -25 0 25 50 75 100 125 150 

Tj - Junction Temperature - °C 

Figure 5 

CATHODE CURRENT 


vs 



-1 -0.5 0 0.5 1 1.5 

Vka - Cathode Voltage - V 


Figure 6 


Figure 7 
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TLV431A 

LOW-VOLTAGE ADJUSTABLE PRECISION SHUNT REGULATORS 

SLVS130 - OCTOBER 1995 


PARAMETER MEASUREMENT INFORMATION 


< 

c 

I 


O 

■S 

o 


CO 

:t= 

o 

I 


OFF-STATE CATHODE CURRENT 


RATIO OF DELTA REFERENCE VOLTAGE 
TO DELTA CATHODE VOLTAGE 


vs 


vs 



EQUIVALENT INPUT NOISE VOLTAGE 


vs 




Test circuit for equivaient noise voitage 


10 too Ik 10 k 100 k 


f- Frequency - Hz 


Figure 10 
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TLV431A 

LOW-VOLTAGE ADJUSTABLE PRECISION SHUNT REGULATORS 

SLVS130 - OCTOBER 1995 


PARAMETER MEASUREMENT INFORMATION 


EQUIVALENT INPUT NOISE VOLTAGE 
OVER A 10-SECOND PERIOD 




Test circuit for 0.1-Hz to 10-Hz equivaient noise voitage 


Figure 11 
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TLV431A 

LOW-VOLTAGE ADJUSTABLE PRECISION SHUNT REGULATORS 

SLVS130 - OCTOBER 1995 


PARAMETER MEASUREMENT INFORMATION 


SMALL-SIGNAL VOLTAGE GAIN 
/PHASE MARGIN 


vs 

FREQUENCY 



f - Frequency - Hz 


Figure 12 


REFERENCE IMPEDANCE 



1k 10 k 100 k 1M 10 M 

f - Frequency - Hz 


100 Q 



Output 


GND 


TEST CIRCUIT FOR REFERENCE IMPEDANCE 


Figure 13 
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TLV431A 

LOW-VOLTAGE ADJUSTABLE PRECISION SHUNT REGULATORS 


SLVS130 - OCTOBER 1995 

PARAMETER MEASUREMENT INFORMATION 



012345678 
t - Time - |is 


18 kn 

#-AAA/—#—•- Output 


Pulse 
Generator 
f = 100 kHz 


:50t2 


4 ^ 




4- GND 


TEST CIRCUIT FOR PULSE RESPONSE 1 


Figure 14 


> 

I 

0 ) 

D> 

S 

I 

■3 


o 

■o 


PULSE RESPONSE 2 





Input 


II 


































Output 



























L 





i_ 









0 


2 3 4 5 6 7 8 

t - Time - |xs 


1.8 ka 

#-AAAr- 


Pulse 
Generator 
f = 100 kHz 


:5oa 


Output 


|.K 


4 -•- 4 


GND 


TEST CIRCUIT FOR PULSE RESPONSE 2 


Figure 15 
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TLV431A 

LOW-VOLTAGE ADJUSTABLE PRECISION SHUNT REGULATORS 


SLVS130 - OCTOBER 1995 


PARAMETER MEASUREMENT INFORMATION 



0.001 0.01 0.1 1 10 
Cl *- Load Capacitance - |liF 


150Q 150Q 




TEST CIRCUIT FOR Vka = Vref TEST CIRCUIT FOR Vka = 2 V, 3 V 

t The areas under the curves represent conditions that may cause the device to oscillate. For Vka = 2 V and 3 V curves, R2 and Vpat were adjusted 
to establish the Initial Vka aod Ik conditions with Cl. = 0. Vbat and Cl were then adjusted to determine the ranges of stability. 

Figureie 
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TLV431A 

LOW-VOLTAGE ADJUSTABLE PRECISION SHUNT REGULATORS 

SLVS130 - OCTOBER 1995 


APPLICATION INFORMATION 


V| 
120 V 






Figure 17. Flyback with Isolation using TLV431A as Voltage Reference and Error Amplifier. 

Figure 17 shows the TLV431A used in a 3.3-V isolated flyback supply. Vq of the TLV431A can be as low as V^ef 
(1.244 V ± 1%). The output of the regulator plus the forward voltage drop of the optocoupler LED 
(1.244 + 1.4 = 2.644 V) determine the minimum voltage that can be regulated in an isolated supply configuration. 
Regulated voltage as low as 2.7 Vdc Is possible in the above topology. 
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TLV2217-33, TLV2217-33Y 
LOW-DROPOUT 3.3-V FIXED VOLTAGE REGULATORS 


I • Fixed 3.3-V Output 
I • ±1% Maximum Output Voltage Tolerance at 
I Tj = 25°C 

I • 500-mV Maximum Dropout Voltage at 
I 500-mA 

• 500-mA Dropout Current 

• +2% Absolute Output Voltage Variation 

• Internal Overcurrent Limiting 

• Internal Thermal Overload Protection 

• Internal Overvoltage Protection 

description 

The TLV2217-33 is a low-dropout 3.3-V fixed 
voltage regulator. The regulator is capable of 
sourcing 500 mA of current with an input-output 
differential of 0.5 V or less. The TLV 2217-33 
provides internal overcurrent limiting, thermal 
overload protection, and overvoltage protection. 

The 0.5-V dropout for the TLV2217-33 makes it 
ideal for battery applications in 3.3-V logic 
systems. For example, battery input voltage to the 
regulator may drop as low as 3.8 V, and the 
TLV2217-33 will continue to regulate the system. 
For higher voltage systems, the TLV2217-33 may 
be operated with a continuous Input voltage of 
12 V. 

The TLV2217-33N and TLV2217-33KC cannot be 
harmed by temporary mirror-image Insertion. This 
regulator Is characterized for operation from 0°C 
to 125°C virtual junction temperature. 


application schematic 


SLVS067B - MARCH 1992 - REVISED OCTOBER 1995 


N PACKAGE 
(TOP VIEW) 

NC 
NC 
GND 
GND 
GND 
NC 
NC 

NC - No internal connection 

PW PACKAGE 
(TOP VIEW) 

|> HEAT SINK 

GND 
OUTPUT 

|> HEAT SINK 

HEAT SINK - These pins have an internal resistive 
connection to ground and should be grounded. 




KC PACKAGE 
(TOP VIEW) 




AVAILABLE OPTIONS 



PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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TLV2217-33, TLV2217-33Y 

LOW-DROPOUT 3.3-V FIXED VOLTAGE REGULATORS 


SLVS067A- MARCH 1992 - REVISED NOVEMBER 1992 


TLV2217-33Y chip information 

These chips, when properly assembled, display characteristics similar to the TLV2217-33 (see electrical 
Tables). Thermal compression or ultrasonic bonding may be used on the doped aluminum bonding pads. The 
chip may be mounted with conductive epoxy or a gold-silicon preform. 
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TLV2217-33, TLV2217-33Y 
LOW-DROPOUT 3.3-V FIXED VOLTAGE REGULATORS 


SLVS067B - MARCH 1992 - REVISED OCTOBER 1995 


absolute maximum ratings over operating virtual junction temperature range (unless otherwise 
noted)t 


Continuous input voltage, V; . 16 V 

Continuous total power dissipation (see Note 1) . See Dissipation Rating Table 

Operating virtual junction temperature range, .. -55°C to 150°C 

Storage temperature range, Tgtg . -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: Refer to Figures 1 and 2 to avoid exceeding the design maximum virtual junction temperature; these ratings should not be exceeded. 

Due to variation in individual device electrical characteristics and thermal resistance, the built-in thermal overload protection may be 
activated at power levels slightly above or below the rated dissipation. 

DISSIPATION RATING TABLE 


PACKAGE 

POWER RATING 
AT 

T<25°C 
POWER RATING 

DERATING FACTOR 
ABOVE T = 25X 

T = 70°C 
POWER RATING 

T = 85°C 
POWER RATING 

T = 125°C 
POWER RATING 

KC 

Ta 

Tct 

2000 mW 

20000 mW 

16.0 mW/°C 

182.0 mWrC 

1280 mW 

14540 mW 

1040 mW 

11810 mW 

400 mW 

4645 mW 

N 

Ta 

2250 mW 

18.0 mwrc 

1440 mW 

1170 mW 

450 mW 

Tc 

11850 mW 

94.8 mW/°C 

7584 mW 

6162 mW 

2370 mW 

PW 

Ta 

950 mW 

7.6 mW/°C 

608 mW 

494 mW 

190 mW 

Tc 

4625 mW 

37.0 mW/°C 

2960 mW 

2405 mW 

925 mW 


t Derate above 40°C 


2400 

I 2200 
^ 2000 
I 1800 

I 1600 

“ 1400 

3 

3 1200 

c 

I 1000 

O 

E 800 
.E 600 

M 400 

I 

^ 200 
0 


25 

50 75 100 125 

Ta - Free-Air Temperature - °C 

150 

25 

50 75 100 125 

Tc - Case Temperature - °C 

150 


Figure 1 



Figure 2 



MAXIMUM CONTINUOUS DISSIPATION MAXIMUM CONTINUOUS DISSIPATION 

vs vs 
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TLV2217-33,TLV2217-33Y 

LOW-DROPOUT 3.3-V FIXED VOLTAGE REGULATORS 


SLVS067A-MARCH 1992 - REVISED NOVEMBER 1992 


recommended operating conditions 



MIN 

MAX 

UNIT 

Input voltage, V| 

3.8 

12 

V 

Output current, Iq 

0 

500 

mA 

Operating virtual junction temperature range, Tj 

0 

125 

HSU 


eiectrical characteristics at V| = 4.5 V, Iq = 500 mA, Tj = 25''C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONST 

TLV2217.33 

UNIT 

MIN TYP MAX 

Output voltage 

Iq = 20 mA to 500 mA, 

V| = 3.8 V to 5.5 V 

Tj = 25»C 

3.267 3.30 3.333 

a 

Tj = 0°C to 125X 

3.234 3.366 

Input voltage regulation 

Vi = 3.8Vto 5.5 V 

5 15 

mV 

Ripple rejection 

f=120 Hz, Vrippie = 1 Vpp 

-62 

dB 

Output voltage regulation 

Iq = 20 mA to 500 mA 

5 30 

mV 

Output noise voltage 

f = 10 Hz to 100 kHz 

500 

pV 

Dropout voltage 

Iq = 250 mA 

400 

mV 

Iq = 500 mA 

500 

Bias current 

io = o 

2 5 

mA 

Iq = 500 mA 

19 49 


electrical characteristics at V| = 4.5 V, Iq = 500 mA, Tj = 25'’C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONST 

TLV2217-33Y 

UNIT 

MIN TYP MAX 

Output voltage 

Iq = 20 mA to 500 mA, V| = 3.8 V to 5.5 V 

3.267 3.30 3.333 

V 

Input voltage regulation 

V| = 3.8 V to 5.5 V 

5 15 

mV 

Ripple rejection 

f=120 Hz, Vrippie = 1 Vpp 

-62 

dB 

Output voltage regulation 

Iq = 20 mA to 500 mA 

5 30 

mV 

Output noise voltage 

f = 10 Hz to 100 kHz 

500 

pV 

Dropout voltage 

Iq = 250 mA 

400 

mV 

Iq = 500 mA 

500 

Bias current 

io = o 

2 5 

mA 

Iq = 500 mA 

19 49 


t Pulse-testing techniques are used to maintain the virtual junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken Into account separately. All characteristics are measured with a 0.1 -pF capacitor across the input and a 22-pF tantalum capacitor 
with equivalent series resistance of 1.5 on the output. 
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TLV2217-33, TLV2217>33Y 
LOW-DROPOUT 3.3-V FIXED VOLTAGE REGULATORS 


SLVS067B - MARCH 1992 - REVISED OCTOBER 1995 

COMPENSATION CAPACITOR SELECTION INFORMATION 


The TLV2217-33 is a low-dropout regulator. This means that the capacitance loading is important to the performance 
of the regulator because it is a vital part of the control loop. The capacitor value and the equivalent series resistance 
(ESR) both affect the control loop and must be defined for the load range and the temperature range. Figures 3 and 
4 can be used to establish the capacitance value and ESR range for best regulator performance. 


ESR OF OUTPUT CAPACITOR 
vs 


LOAD CURRENT 



Load 

Voltage 



AVl = ESR X AIl 


Figure 3 


STABILITY 


vs 



1/ESR 
Figure 4 
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I • Available in 5>V, 4.85-V, and 3.3-V 
I Fixed-Output and Adjustable Versions 
I • Very Low-Dropout Voltage ... Maximum of 
32 mV at Iq = 100 mA (TPS7150) 

I • Very Low Quiescent Current - Independent 
of Load ... 285 |xA Typ 

• Extremely Low Sleep-State Current 

0.5 jLiA Max 

• 2% Tolerance Over Full Range of Load, 

Line, and Temperature for Fixed-Output 
Versions 

• Output Current Range of 0 mA to 500 mA 

• TSSOP Package Option Offers Reduced 
Component Height for Critical Applications 

• Power Good (PG) Status Output 

description 

The TPS71XX integrated circuits are a family 
of micropower low-dropout (LDO) voltage 
regulators. An order of magnitude reduction in 
dropout voltage and quiescent current over 
conventional LDO performance Is achieved by 
replacing the typical pnp pass transistor with a 
PMOS device. 

Because the PMOS device behaves as a 
low-value resistor, the dropout voltage is very low 
(maximum of 32 mV at an output current of 100 mA 
for the TPS7150) and is directly proportional to the 
output current (see Figure 1). Additionally, since 
the PMOS pass element Is a voltage-driven 
device, the quiescent current Is very low and 
remains independent of output loading (typically 
285 pA over the full range of output current, 0 mA 
to 500 mA). These two key specifications yield a 
significant improvement in operating life for 
battery-powered systems. The LDO family also 
fe atures a slee p mode; applying a TTL high signal 
to EN (enable) shuts down the regulator, reducing 
the quiescent current to 0.5 pA maximum at 
Tj = 25°C. 


TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q 
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y 
LOW-DROPOUT VOLTAGE REGULATORS 

SLVS092C - NOVEMBER 1994 - REVISED AUGUST 1995 

D OR P PACKAGE 
(TOP VIEW) 

Gl^ [ 1 8 ] PG 

EN [ 2 7 ] SENSEt/FB+ 

IN [ 3 6 ] OUT 

IN [ 4 5 ] OUT 


PW PACKAGE 
(TOP VIEW) 



NC - No internal connection 
t SENSE - Fixed voltage options only 
(TPS7133, TPS7148, and TPS7150) 
t FB - Adjustable version only (TPS7101) 



0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 
lO ~ Output Current - A 

Figure 1. Dropout Voltage Versus Output Current 


Power good (PG) reports low output voltage and can be used to implement a power-on reset or a low-battery 
indicator. 

The TPS71XX Is offered In 3.3-V, 4.85-V, and 5-V fixed-voltage versions and In an adjustable version 
(programmable over the range of 1.2 V to 9.75 V). Output voltage tolerance is specified as a maximum of 2% 
over line, load, and temperature ranges (3% for adjustable version). The TPS71xx family is available in PDIP 
(8 pin), SO (8 pin), and TSSOP (20 pin) packages. The TSSOP has a maximum height of 1.2 mm. 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q 
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y 
LOW-DROPOUT VOLTAGE REGULATORS 

SLVS092C - NOVEMBER 1994 - REVISED AUGUST 1995 


AVAILABLE OPTIONS 


Tj 

OUTPUT VOLTAGE 
(V) 

PACKAGED DEVICES 

CHIP FORM 
(Y) 

MIN 

TYP 

MAX 

SMALL OUTLINE 
(D) 

PLASTIC DIP 
(P) 

TSSOP 

(PW) 


4.9 

5 

5-1 

TPS7150QD 

TPS7150QP 

TPS7150QPWLE 

TPS7150Y 


4.75 

4.85 

4.95 

TPS7148QD 

TPS7148QP 

TPS7148QPWLE 

TPS7148Y 

-55°C to 150°C 

3.23 

3.3 

3.37 

TPS7133QD 

TPS7133QP 

TPS7133QPWLE 

TPS7133Y 


Adjustable§ 

1.2 V to 9.75 V 

TPS7101QD 

TPS7101QP 

TPS7101QPWLE 

TPS7101Y 


The D package is available taped and reeled. Add R suffix to device type (e.g., TPS7150QDR). The PW package is only available 
left-end taped and reeled and is indicated by the LE suffix on the device type (i.e., TPS7150QPWLE). The TPS7101Q is programmable 
using an external resistor divider (see application information). The chip form Is tested at 25®C. 


V| 



H Capacitor selection is nontrivial. See application information section 
for details. 


Figure 2. Typical Application Configuration 
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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q 
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y 
LOW-DROPOUT VOLTAGE REGULATORS 

SLVS092C - NOVEMBER 1994 - REVISED AUGUST 1995 


TPS71XX chip information 

These chips, when properly assembled, display characteristics similar to the TPS71 xxQ. Thermal compression 
or ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be mounted with 
conductive epoxy or a gold-silicon preform. 


BONDING PAD ASSIGNMENTS 



SENSEt 
FB+ 

OUT 
PG 

GND 

CHIP THICKNESS: 15 MILS TYPICAL 
BONDING PADS: 4x4 MIL§ MINIMUM 
Tjmax = 150°C 
TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

t SENSE - Fixed voltage options only (TPS7133, TPS7148, 
and TPS7150) 

t FB - Adjustable version only (TPS7101) 

NOTE A. For most applications, OUT and SENSE should 
be tied together as close as possible to the device; 
for other implementations, refer to SENSE-pin 
connection discussion in the applications 
information section of this data sheet. 



functional block diagram 



GND 


§ For most applications, SENSE should be externally connected to OUT as close as possible to the device. For other implementations, refer to 
SENSE-pin connection discussion in applications information section. 


Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 


3-131 






















TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q 
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y 
LOW-DROPOUT VOLTAGE REGULATORS 

SLVS092C - NOVEMBER 1994 - REVISED AUGUST 1995 


absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)t 

Input voltage ranged, V|, PG, SENSE, EN .. .... -0.3 to 10 V 

Output current, \q ....2 A 

Continuous total power dissipation . . See Dissipation Rating Tables 1 and 2 

Operating virtual junction temperature range, Tj .. -55°C to 150°C 

Storage temperature range, Tgtg ....... -65°C to 150°C 

Lead temperature 1 ,6 mm (1/16 inch) from case for 1 0 seconds .. 260°C 

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
t All voltage values are with respect to network terminal ground. 


DISSIPATION RATING TABLE 1 - FREE-AIR TEMPERATURE (see Figure 3) 


PACKAGE 

Ta < 25°c 
POWER RATING 

DERATING FACTOR 
ABOVE Ta = 25°C 

Ta = 70X 
POWER RATING 

Ta = 125'^C 
POWER RATING 

D 

725 mW 

5.8 m\NrC 

464 mW 

145 mW 

P 

1175 mW 

9.4 mW/°C 

752 mW 

235 mW 

PW§ 

700 mW 

5.6 vn\NrC 

448 mW 

140 mW 


DISSIPATION RATING TABLE 2 - CASE TEMPERATURE (see Figure 4) 


PACKAGE 

Tc < 25°C 
POWER RATING 

DERATING FACTOR 
ABOVE Tc = 25°C 

Tc = 70°C 
POWER RATING 

Tc = 125°C 
POWER RATING 

D 

2188 mW 

17.5mW/°C 

1400 mW 

438 mW 

P 

2738 mW 

21.9 mW/°C 

1752 mW 

548 mW 

PW§ 

4025 mW 

32.2 mW/°C 

2576 mW 

805 mW 


§ Refer to thermal information section for detailed power dissipation considerations when using the 


TSSOP package. 


DISSIPATION DERATING CURVE 


vs 



25 50 75 100 125 150 

T/v - Free-Air Temperature - °C 


DISSIPATION DERATING CURVE 
vs 



25 50 75 100 125 

Tc - Case Temperature - °C 


150 


Figure 3 


Figure 4 
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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q 
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y 
LOW-DROPOUT VOLTAGE REGULATORS 

SLVS092C - NOVEMBER 1994 - REVISED AUGUST 1995 


recommended operating conditions 


_J 

MIN 

MAX 

UNIT 


TPS7101Q 

2.5 

10 


Input voltage, V|t 

TPS7133Q 

3.77 

10 


TPS7148Q 

5.2 

10 



TPS7150Q 

5.33 

10 


High-level input voltage at V|h 


2 

V 

Low-level input voltage at EN, V|i_ 


0.5 

V 

Output current range, Iq 


0 

500 

mA 

Operating virtual junction temperature range, Tj 


-40 

125 

X 


t Minimum input voltage defined in the recommended operating conditions is the maximum specified output voltage plus dropout voltage at the 
maximum specified load range. Since dropout voltage is a function of output current, the usable range can be extended for lighter loads. To 
calculate the minimum input voltage for your maximum output current, use the following equation: 


^l(min) '^O(max) '^DO(max load) 

Because the TPS7101 isprogrammable,rDS(on) should be usedtocalculateVpo before applyingthe above equation. Theequation for calculating 
Vpo ''DS(on) is given in Note 2 in the electrical characteristics table. The minimum value of 2.5 V is the absolute lower limit for the 
recommended input voltage range for the TPS7101. 


electrical characteristics at Iq = 10 mA, EN = 0 V, Cq = 4.7 ^F/ESRt = 1 U, SENSE/FB shorted to OUT 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

Tj 

TPS7101Q, TPS7133Q 
TPS7148Q, TPS7150Q 

UNIT 

MIN TYP MAX 

Ground current (active mode) 

EN<0.5V, V| = Vo + 1V, 

0 mA < Iq ^ 500 mA 

25°C 

285 350 

pA 

-40Xto125°C 

460 

Input current (standby mode) 

EN = V|, 2.7V<V|<10V 

25°C 

0.5 

pA 

-40°Cto125X 

2 

Output current limit 

Vo = 0V, V| = 10V 

25X 

1.2 2 

A 

-40°C to 125°C 

2 

Pass-element leakage current 
in standby mode 

EN = V|, 2.7V<V|<10V 

25°C 

0.5 

pA 

-40X to 125X 

1 

PG leakage current 

Normal operation, VpG = 10 V 

25°C 

0.02 0.5 

pA 

-40°Cto125°C 

0.5 

Output voltage temperature coefficient 


-40°C to 125°C 

61 75 

ppm/°C 

Thermal shutdown junction temperature 



165 

°C 

EN logic high (standby mode) 

2.5 V < V| < 6 V 

-40°C to 125°C 

2 

V 

6V<V|<10V 

2.7 

EN logic low (active mode) 

2.7V<V|<10V 

25°C 

0.5 

V 

-40°C to 125X 

0.5 

EN hysteresis voltage 


25°C 

50 

mV 

EN input current 

0 V<V|<10V 

25°C 

-0.5 0.5 

pA 

-40X to 125X 

-0.5 0.5 

Minimum V| for active pass element 


25°C 

2.05 2.5 

V 

-40X to 125°C 

2.5 

Minimum V( for valid PG 

IpQ = 300 pA 

25°C 

1.06 1.5 

V 

-40°Cto 125°C 

1.9 


t ESR refers to the equivalent resistance, including internal resistance and series resistance. 

t Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 
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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q 
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y 
LOW-DROPOUT VOLTAGE REGULATORS 

SLVS092C -- NOVEMBER 1994 - REVISED AUGUST 1995 


electrical characteristics at Iq = 10 mA, V| = 3.5 V, EN = 0 V, Cq = 4.7 jiF/ESRt s 1 Q, FB shorted to 
OUT at device leads (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

Tj 

TPS7101Q 

MIN TYP MAX 

UNIT 

Reference voltage 
(measured at FB with OUT 
connected to FB) 

V| = 3.5V, IO = 10mA 

25°C 

1.178 

V 

2.5 V < V| < 10 V, 5 mA < Iq < 500 mA, 

See Note 1 

-40X to 125°C 

1.143 1.213 

V 

Reference voltage 
temperature coefficient 


-40°C to 125°C 

61 75 

ppm/°C 

Pass-element series 
resistance (see Note 2) 

Vi = 2.4 V, 50 |iA< Iq < 150 mA 

25X 

0.7 1 

Q 

-40®C to 125°C 

1 

V| = 2.4V, 150 mA<lo^ 500 mA 

25'^C 

0.83 1.3 

-40°C to 125‘’C 

1.3 

V| = 2.9 V, 50 pA < Iq < 500 mA 

25°C 

0.52 0.85 

-40®C to 125°C 

0.85 

V| = 3.9 V, 50 pA < lo < 500 mA 

25®C 

0.32 

V| = 5.9V, 50pA<lo<500mA 

25°C 

0.23 

Input regulation 

V| = 2.5 V to 10 V, 50 pA < Iq < 500 mA, 

See Note 1 

25°C 

18 

mV 

-40'^C to 125°C 

25 

Output regulation 

Iq = 5 mA to 500 mA, 2.5V<V|^10V, 

See Note 1 

25«C 

14 

mV 

-40°C to 125°C 

25 

Iq = 50 pA to 500 mA, 2.5 V < V| < 10 V, 

See Note 1 

25°C 

22 

mV 

-40°C to 125°C 

54 

Ripple rejection 

f=120 Hz 

Iq = 50 pA 

25°C 

48 59 

dB 

-40®C to 125°C 

44 

Iq = 500 mA, 
See Note 1 

25'’C 

45 54 

-40°C to 125°C 

44 

Output noise-spectral 
density 

f=120 Hz 

25°C 

2 


Output noise voltage 

10 Hz<f< 100 kHz, 

ESRt = 1 a 

Co = 4.7 pF 

25°C 

95 

pVrms 

Co = 10 pF 

25°C 

89 

Co = 100 pF 

25°C 

74 

PG trip-threshold voltage§ 

VpB voltage decreasing from above VpQ 

-40°C to 125‘^C 

0.92 X 0.98 X 

VFB(nom) VFB(nom) 

V 

PG hysteresis voltage§ 

Measured at VpB 

25‘^C 

12 

mV 

PG output low voltage§ 

lpG = 400pA, V| = 2.13 V 

25°C 

0.1 0.4 

V 

-40°C to 125°C 

0.4 

FB input current 


25°C 

1 

o 

p 

o 

nA 

-40°Cto125°C 

1 -20 20 1 


t ESR refers to the equivalent resistance including internal resistance and series resistance. 

t Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 

§ Output voltage programmed to 2.5 V with closed-loop configuration (see application information). 

NOTES: 1. When V| < 2.9 V and Iq > 150 mA simultaneously, pass element rps(on) increases (see Figure 31) to a point such that the resulting 
dropout voltage prevents the regulator from maintaining the specified tolerance range. 

2. To calculate dropout voltage, use equation: 

Vdo = Io- '■DS(on) 

rps(on) is a function of both output current and input voltage. The parametric table lists rps(on) V| = 2.4 V, 2.9 V, 3.9 V, and 
5.9 V, which corresponds to dropout conditions for programmed output voltages of 2.5 V, 3 V, 4 V, and 6 V, respectively. For other 
programmed values, refer to Figure 30. 
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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q 
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y 
LOW-DROPOUT VOLTAGE REGULATORS 

SLVS092C - NOVEMBER 1994 - REVISED AUGUST 1995 


electrical characteristics at Iq = 10 mA, V| = 4,3 V, EN = 0 V, Cq = 4,7 jiF/ESRt = 1 Q, SENSE shorted 
to OUT (unless otherwise noted) 


PARAMETER 

TEST CONDmONS* 

Tj 

TPS7133Q 

UNIT 

MIN TYP MAX 

Output voltage 

V| = 4.3V, IO = 10mA 

25°C 

3.3 

V 

4.3V<V|<10V, 5mA<lo<500mA 

-40°C to 125°C 

3.23 3.37 

Dropout voltage 

IO = 10mA, V| = 3.23 V 

25°C 

0.02 6 

mV 

-40<^C to 125°C 

8 

l 0 = 100 mA, V| = 3.23 V 

25°C 

47 60 

-40°C to125°C 

80 

Iq = 500 mA, V| = 3.23 V 

25°C 

235 300 

-40°C to 125°C 

400 

Pass-element series resistance 

(3.23V-Vo)/lo. V| = 3.23 V, 

Iq = 500 mA 

25°C 

0.47 0.6 

Q 

-40°C to 125°C 

0.8 

Input regulation 

V| = 4.3 Vto 10 V, 50 pA < Iq < 500 mA 

25°C 

20 

mV 

-40°C to 125°C 

27 

Output regulation 

Iq = 5 mA to 500 mA, 4.3V<V|<10V 

25°C 

21 38 

mV 

-40°C to 125°C 

75 

Iq = 50 pA to 500 mA, 4.3 V < V| < 10 V 

25°C 

30 60 

mV 

-40°C to 125°C 

120 

Ripple rejection 

f=120 Hz 

Iq = 50 pA 

25°C 

43 54 

dB 

-40°C to 125°C 

40 

Iq = 500 mA 

25°C 

39 49 

-40°C to 125°C 

36 

Output noise-spectral density 

f= 120 Hz 

25°C 

2 

pVWRz 

Output noise voltage 

10Hz<f<100 kHz, 
ESRt = 1 Q 

Co = 4.7 pF 

25°C 

274 

pVrms 

Co = 10pF 

25°C 

228 

Co = 100 pF 

25°C 

159 

PG trip-threshold voltage 

Vq voltage decreasing from above Vrq 

-40°C to 125°C 

0.92 X 0.98 X 

Vo(nom) Vo(nom) 

V 

PG hysteresis voltage 


25°C 

35 

mV 

PG output low voltage 

IpG = 1 mA, V| = 2.8 V 

25°C 

0.22 0.4 

V 

-40°C to 125°C 

0.4 


t ESR refers to the equivalent resistance including internal resistance and series resistance. 

t Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 


taken into account separately. 
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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q 
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y 
LOW-DROPOUT VOLTAGE REGULATORS 

SLVS092C - NOVEMBER 1994 - REVISED AUGUST 1995 


electrical characteristics at Iq = 10 mA, V| = 5.85 V, EN = 0 V, Cq = 4.7 jiF/ESRt = 1 Q, SENSE shorted 
to OUT (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

Tj 

TPS7148Q 

UNIT 

MIN TYP MAX 

Output voltage 

V| = 5.85 V, IO = 10mA 

25°C 

4.85 

V 

5.85 V<V|< 10 V, 5mA<lo<500mA 

-40°Cto 125°C 

4.75 4.95 

Dropout voltage 

IO = 10mA, Vi = 4.75 V 

25°C 

0.08 6 

mV 

-40°Cto125"C 

8 

l 0 = 100 mA, V| = 4.75 V 

25°C 

CO 

-40°C to 125'^C 

54 

Iq = 500 mA, V| = 4.75 V 

25°C 

150 180 

-40X to 125'=>C 

250 

Pass-element series resistance 

(4.75 V - VoVIO- V| = 4.75 V, 

Iq = 500 mA 

25°C 

0.32 0.35 

a 

-40°C to 125°C 

0.52 

Input regulation 

V| = 5.85 Vto 10 V, 50 pA < Iq < 500 mA 

25°C 

27 

mV 

-40°C to 125°C 

37 

Output regulation 

Iq = 5 mA to 500 mA, 5.85 V<V|< 10 V 

25°C 

12 42 

mV 

-40°C to 125°C 

80 

Iq = 50 pA to 500 mA, 5.85 V < V| < 10 V 

25^C 

42 60 

mV 

-40°C to 125°C 

130 

Ripple rejection 

f= 120 Hz 

Iq = 50 pA 

25°C 

42 53 

dB 

-40°C to 125°C 

39 

Iq = 500 mA 

25°C 

39 50 

-40°C to 125°C 

35 

Output noise-spectral density 

f=120Hz 

25°C 

2 

pV/VHz 

Output noise voltage 

10Hz<f<100 kHz, 
ESRt = 1 Q 

Co = 4.7 pF 

25°C 

410 

pVrms 

Co = 10pF 

25°C 

328 

Co = 100 pF 

25°C 

212 

PG trip-threshold voltage 

Vq voltage decreasing from above VpQ 

-40°Cto125X 

0.92 X 0.98 X 

Vo(nom) Vo(nom) 

V 

PG hysteresis voltage 


25°C 

50 

mV 

PG output low voltage 

lpG = 1.2 mA, V| = 4.12 V 

25°C 

0.2 0.4 

V 

-40°C to 125°C 

0.4 


t ESR refers to the equivalent resistance including internal resistance and series resistance. 

t Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 
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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q 
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y 
LOW-DROPOUT VOLTAGE REGULATORS 

_SLVS092C - NOVEMBER 1994 - REVISED AUGUST 1995 


electrical characteristics at Iq = 10 mA, V| = 6 V, EN = 0 V, Cq = 4.7 jiF/ESRt = 1 SENSE shorted 
to OUT (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS^ 

Tj 

TPS7150Q 

UNIT 

MIN TYP MAX 

Output voltage 

V| = 6V, IO = 10mA 

25°C 

5 

V 

6V<V|<10V, 5mA<lo<500mA 

-40^^010 125°C 

4.9 5.1 

Dropout voltage 

IO = 10mA, V( = 4.88 V 

25°C 

0.13 6 

mV 

-40°Cto125‘^C 

8 

l 0 = 100 mA, V| = 4.88 V 

25°C 

27 32 

-40X to 125°C 

47 

Iq = 500 mA, V| = 4.88 V 

25°C 

146 170 

-40°C to 125°C 

230 

Pass-element series resistance 

(4.88V-Vo)/io. V| = 4.88 V. 

Iq = 500 mA 

25°C 

0.29 0.32 

Q 

-40°C to 125°C 

0.47 

Input regulation 

V| = 6Vto10V, 50pA< Iq< 500 mA 

25°C 

25 

mV 

-40°C to 125°C 

32 

Output regulation 

Iq = 5 mA to 500 mA, 6V<V|<10V 

25°C 

30 45 

mV 

-40°C to 125°C 

86 

Iq = 50 pA to 500 mA, 6V<V|<10V 

25'’C 

45 65 

mV 

-40°C to 125°C 

140 

Ripple rejection 

f=120 Hz 

Iq = 50 pA 

25°C 

45 55 

dB 

-40°C to 125°C 

40 

Iq = 500 mA 

25°C 

42 52 

-40°C to 125°C 

36 

Output noise-spectral density 

1 = 120 Hz 

25°C 

2 

pV/VHz 

Output noise voltage 

10Hz<f<100 kHz, 
ESRt = 1 Q 

Co = 4.7pF 

25X 

430 

pVrms 

Co = 10pF 

25°C 

345 

O 

O 

ft 

8 

25°C 

220 

PG trip-threshold voltage 

Vq voltage decreasing from above VpQ 

-40°C to 125°C 

0.92 X 0.98 X 

VO(nom) Vo(nom) 

V 

PG hysteresis voltage 


25°G 

53 

mV 

PG output low voltage 

lpG = 1.2 mA, V| = 4.25 V 

25°C 

0.2 0.4 

D 

-40°Cto125°C 

0.4 


t ESR refers to the equivalent resistance Including Internal resistance and series resistance. 

t Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 
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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q 
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y 
LOW-DROPOUT VOLTAGE REGULATORS 

SLVS092C - NOVEMBER 1994 - REVISED AUGUST 1995 


electrical characteristics at Iq = 10 mA, EN = 0 V, Cq = 4.7 jxF/ESRt = 1 £1, Tj = 25°C, SENSE/FB 
shorted to OUT (unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

TPS7101Y, TPS7133Y 
TPS7148Y, TPS7150Y 

UNIT 

MIN TYP MAX 

Ground current (active mode) 

EN < 0.5 V, V| = Vo + 1 V, 

0 mA < Iq ^ 500 mA 

285 

pA 

Output current limit 

> 

o 

II 

> 

>' 

o 

II 

O 

> 

1.2 

A 

PG leakage current 

Normal operation, VpQ = 10 V 

0.02 

pA 

Thermal shutdown junction temperature 


165 

"C 

EN hysteresis voltage 


50 

mV 

Minimum V| for active pass element 


2.05 

V 

Minimum V| for valid PG 

IpQ = 300 jxA 

1.06 

V 


t ESR refers to the equivalent resistance, including internal resistance and series resistance. 

t Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 


PARAMETER 

TEST CONDITIONS+ 

TPS7101Y 

MIN TYP MAX 

UNIT 

Reference voltage (measured at FB with OUT 
connected to FB) 

V| = 3.5V, IO = 10mA 

1.178 

V 

Pass-element series resistance (see Note 2) 

V| = 2.4V, 50 pA<lo< 150 mA 

0.7 

a 

V| = 2.4 V, 150 mA < Iq < 500 mA 

0.83 

V| = 2.9 V, 50 pA < Iq < 500 mA 

0.52 

Vi = 3.9 V, 50 pA < Iq < 500 mA 

0.32 

V| = 5.9 V, 50 pA < Iq < 500 mA 

0.23 

input regulation 

V| = 2.5Vto10 V, 50 pA < Iq < 500 mA, 

See Note 1 

18 

mV 

Output regulation 

2.5V<V|<10V, Iq = 5 mA to 500 mA, 

See Note 1 

14 

mV 

2.5 V < Vj < 10 V, Iq = 50 pA to 500 mA, 

See Note 1 

22 

mV 

Ripple rejection 

V| = 3.5V, f=120Hz, 

Iq = 50 pA 

59 

dB 

Output noise-spectral density 

Vj = 3.5V, f=120Hz 

2 

pV/VHz 

Output noise voltage 

V| = 3.5V, 
10Hz<f<100kHz, 
ESRt = 1 a 

Co = 4.7 pF 

95 

pVrms 

Co = 10pF 

89 

Co = 100 pF 

74 

PG hysteresis voltage§ 

V| = 3.5 V, Measured at Vpg 

12 

mV 

PG output low voltage§ 

V| = 2.13 V. lpG = 400pA 

0.1 

V 

FB input current 

V| = 3.5V 

0.1 

nA 


t ESR refers to the equivalent resistance including internal resistance and series resistance. 

t Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 

§ Output voltage programmed to 2.5 V with closed-loop configuration (see application information). 

NOTES; 1 When Vj < 2.9 V and Iq > 150 mA simultaneously, pass element rps(on) increases (see Figure 31) to a point such that the resulting 
dropout voltage prevents the regulator from maintaining the specified tolerance range. 

2 To calculate dropout voltage, use equation: 

Vd 0 = I0- ''DS(on) 

f'DS(on) is a function of both output current and input voltage. The parametric table lists rps(on) fo'' V| = 2.4 V, 2.9 V, 3.9 V, and 
5.9 V, which corresponds to dropout conditions for programmed output voltages of 2.5 V, 3 V, 4 V, and 6 V, respectively. For other 
programmed values, refer to Figure 30. 
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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q 
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y 
LOW-DROPOUT VOLTAGE REGULATORS 

SLVS092C - NOVEMBER 1994 - REVISED AUGUST 1995 


electrical characteristics at io = 10 mA, EN = 0 V, Cq = 4.7 |xF/ESRt = 1 a, Tj = 25°C, SENSE shorted 
to OUT (unless otherwise noted) (continued) 


PARAMETER 

TEST CONDITIONS+ 

TPS7133Y 

UNIT 

MIN TYP MAX 

Output voltage 

V| = 4.3 V, 

Iq = 10 mA 

3.3 

V 


V| = 3.23 V, 

Iq = 10 mA 

0.02 


Dropout voltage 

V| = 3.23 V, 

Iq = 100 mA 

47 

mV 


V| = 3.23 V, 

Iq = 500 mA 

235 


Pass-element series resistance 

(3.23V-Vo)/lo. 

Iq = 500 mA 

V| = 3.23 V, 

0.47 

Q 

Output regulation 

4.3V<V|<10 V, 

Iq = 5 mA to 500 mA 

21 

mV 

4.3 V<V|<10 V, 

Iq = 50 pA to 500 mA 

30 

mV 

Ripple rejection 

V| = 4.3 V, 

Iq = 50 pA 

54 

dB 

f = 120 Hz 

Iq = 500 mA 

49 

Output noise-spectral density 

V| = 4.3 V, 

f=120 Hz 

2 

pV/VHz 


V| = 4.3V, 

Co = 4.7 pF 

274 


Output noise voltage 

10Hz<f<100 kHz, 

Co = lOpF 

228 

pVrms 


ESRt = 1 Q 

Co = 100 pF 

159 


PG hysteresis voltage 

|V| = 4.3V 

35 

mV 

PG output low voltage 

V| = 2.8 V, 

IpG = 1 rnA 

0.22 

V 


t ESR refers to the equivalent resistance including internal resistance and series resistance. 

t Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 


PARAMETER 

TEST CONDITIONS+ 

TPS7148Y 

UNIT 

MIN TYP MAX 

Output voltage 

V| = 5.85 V, 

Io = 10 mA 

4.85 

V 


V| = 4.75 V, 

Io = 10 mA 

0.08 


Dropout voltage 

V| = 4.75 V, 

Io = 100 mA 

30 

mV 


V| = 4.75 V, 

Io = 500 mA 

150 


Pass-element series resistance 

(4.75V-Vo)/lo. 

Io = 500 mA 

V| = 4.75 V, 

0.32 

Q 

Output regulation 

5.85 V<V|< 10 V, 

Io = 5 mA to 500 mA 

12 

mV 

5.85 V<V|< 10 V, 

Io = 50 pA to 500 mA 

42 

mV 

Ripple rejection 

V| = 5.85 V, 

Io = 50 pA 

53 

dB 

f = 120 Hz 

Io = 500 mA 

50 

Output noise-spectral density 

V| = 5.85 V, 

f=120 Hz 

2 

pV/VRz 


V| = 5.85 V, 

Co = 4.7pF 

410 


Output noise voltage 

10Hz<f<100 kHz, 

Co = 10pF 

328 

pVrms 


ESRt = 1 Q 

Co = 100 pF 

212 


PG hysteresis voltage 

V| = 5.85 V 

50 

mV 

PG output low voltage 

V| = 4.12 V, 

IpG = 1.2 mA 

0.2 0.4 

V 


t ESR refers to the equivalent resistance including internal resistance and series resistance. 

t Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 
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electrical characteristics at io = 10 mA, EN = 0 V, Cq = 4.7 [iF/ESRt = 1 a, Tj = 25°C, SENSE shorted 
to OUT (uniess otherwise noted) (continued) 


PARAMETER 

TEST CONDITIONS* 

TPS7150Y 

UNIT 

MIN TYP MAX 

Output voltage 

V| = 6V, IO = 10mA 

5 

V 

Dropout voltage 

V| = 4.88 V, IO = 10mA 

0.13 

mV 

V| = 4.88 V, l 0 = 100 mA 

27 

V| = 4.88 V, Iq = 500 pA 

146 

Pass-element series resistance 

(4.88 V - Vo)/lo. V| = 4.88 V. 

Iq = 500 mA 

0.29 

a 

Output regulation 

6 V < V| < 10 V, Iq = 5 mA to 500 mA 

30 

mV 

6V<V|<10V, Iq = 50pAto500 mA 

45 

mV 

Ripple rejection 

V| = 6 V, 
f = 120 Hz 

Iq = 50 pA 

55 

dB 

Iq = 500 mA 

52 

Output noise-spectral density 

V| = 6V, f=120Hz 

2 

pV/a/Hz 

Output noise voltage 

V| = 6 V, 

10Hz<f<100 kHz, 
ESRt = ^Q 

Co = 4.7 

430 

pVrms 

Co = 10pF 

345 

Co=100pF 

220 

PG hysteresis voltage 

> 

CD 

II 

> 

53 

mV 

PG output low voltage 

V| = 4.25 V, lpG = 1.2 mA 

0.2 

V 


t ESR refers to the equivalent resistance including internal resistance and series resistance. 

t Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 


QUIESCENT CURRENT 
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Iq - Output Current - mA 

Figure 5 

TPS7148Q 

QUIESCENT CURRENT 
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Figure 7 


Figure 8 
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TYPICAL CHARACTERISTICS 
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Figure 10 
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Figure 11 


Figure 12 
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TYPICAL CHARACTERISTICS 
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Figure 14 
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Figure 15 
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TYPICAL CHARACTERISTICS 
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RIPPLE REJECTION 
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Figure 17 


Figure 18 


TPS7148Q 

RIPPLE REJECTION 


TPS7150Q 

RIPPLE REJECTION 
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Figure 19 


Figure 20 
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TYPICAL CHARACTERISTICS 


TPS7101Q 

OUTPUT SPECTRAL NOISE DENSITY 


TPS7133Q 

OUTPUT SPECTRAL NOISE DENSITY 
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Figure 21 
TPS7148Q 

OUTPUT SPECTRAL NOISE DENSITY 
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Figure 22 

TPS7150Q 

OUTPUT SPECTRAL NOiSE DENSITY 


vs 
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Figure 23 


Figure 24 
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TYPICAL CHARACTERISTICS 


PASS-ELEMENT RESISTANCE 


vs 
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Figure 25 

FIXED-OUTPUT VERSIONS 
SENSE PIN CURRENT 


vs 
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Figure 27 


a 

s 


"O 

> 


o 

I 

DC 


DIVIDER RESISTANCE 


vs 



-50 -25 0 25 50 75 100 125 

Ta - Free-Air Temperature - °C 


3 

o 


Figure 26 

ADJUSTABLE VERSION 
FB LEAKAGE CURRENT 



Ta “ Free-Air Temperature - °C 


Figure 28 
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TYPICAL CHARACTERISTICS 


MINiMUM tNPUT VOLTAGE FOR ACTIVE 
PASS ELEMENT 


vs 
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Figure 29 


Figure 30 


EN INPUT CURRENT 
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Figure 31 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 


TYPICAL REGIONS OF STABILITY 
TOTAL ESR 


VS 
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Figure 34 

TYPICAL REGIONS OF STABILITY 
TOTAL ESR 


VS 
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TYPICAL REGIONS OF STABILITY 
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vs 
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Figure 35 

TYPICAL REGIONS OF STABILITY 
TOTAL ESR 


vs 
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Figure 36 


Figure 37 
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TYPICAL CHARACTERISTICS 


TYPICAL REGIONS OF STABILITVt 
TOTAL ESR 

VS 

OUTPUT CURRENT 


TYPICAL REGIONS OF STABILITYt 
TOTAL ESR 
vs 

OUTPUT CURRENT 
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TYPICAL REGIONS OF STABILITYt 
TOTAL ESR 
vs 
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Figure 39 

TYPICAL REGIONS OF STABILITYt 
TOTAL ESR 
vs 

ADDED CERAMIC CAPACITANCE 
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tESR values below 0.1 Q are not recommended. 
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TYPICAL CHARACTERISTICS 



t Ceramic capacitor 

Figure 42. Test Circuit for Typical Regions of Stability (Figures 39 through 46) 
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THERMAL INFORMATION 


In response to system-miniaturization trends, integrated circuits are being offered in low-profile and fine-pitch 
surface-mount packages. Implementation of many of today’s high-performance devices in these packages requires 
special attention to power dissipation. Many system-dependent issues such as thermal coupling, airflow, added heat 
sinks and convection surfaces, and the presence of other heat-generating components affect the power-dissipation 
limits of a given component. 

Three basic approaches for enhancing thermal performance are Illustrated in this discussion: 

• Improving the power-dissipation capability of the PWB design 

• Improving the thermal coupling of the component to the PWB 

• Introducing airflow in the system 

Figure 43 is an example of a thermally enhanced PWB layout for the 20-lead TSSOP package. This layout involves 
adding copper on the PWB to conduct heat away from the device. The Rqja for this component/board system is 
Illustrated in Figure 44. The family of curves illustrates the effect of increasing the size of the copper-heat-sink surface 
area. The PWB is a standard FR4 board (L x W x H = 3.2 inch x 3.2 Inch x 0.062 inch); the board traces and heat 
sink area are 1 -oz (per square foot) copper. 

Figure 45 shows the thermal resistance for the same system with the addition of a thermally conductive compound 
between the body of the TSSOP package and the PWB copper routed directly beneath the device. The thermal 
conductivity for the compound used in this analysis is 0.815 W/m • °C. 

Using these figures to determine the system Rqja allows the maximum power-dissipation limit to be calculated with 
the equation: 

_ "*^3(max) ~ '*'a 
D( max) - R0jA(3ystem) 

Where 

Tj(max) is the maximum allowable junction temperature, (i.e., 150°C absolute maximum and 
125°C maximum recommended operating temperature for specified operation). 

This limit should then be applied to the internal power dissipated by the TPS71xx regulator. The equation for 
calculating total internal power dissipation of the TPS71xx is: 

PD(total) = K-''o)-'o + ''|-'Q 


Because the quiescent current of the TPS71xx family is very low, the second term is negligible, further simplifying 
the equation to: 

'^D(total) " ('^1 ■ '^o) ■ 'o 


For a 20-lead TSSOP/FR4 board system with thermally conductive compound between the board and the device 
body, where T^ = 55°C, airflow = 100 ft/mln, copper heat sink area = 1 cm^, the maximum power-dissipation limit can 
be calculated. As Indicated In Figure 45, the system Rej^ is 94°C/W; therefore, the maximum power-dissipation limit 
Is: 


^ ^J(max) ^ 125°C - 55°C 
D(max) - RejA(system) 94=C/W 


= 745 mW 


If the system implements a TPS7148 regulator where V| = 6 V and Iq = 385 mA, the internal power dissipation is: 
PD(tOtal) = (V| - Vq) • 'o = (6 - 4.85) • 0.385 = 443 mW 
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THERMAL INFORMATION 

Comparing PD(total) with PD(max) reveals that the power dissipation in this example does not exceed the maximum 
limit. When it does, one of two corrective actions can be taken. The power-dissipation limit can be raised by increasing 
the airflow or the heat-sink area. Alternatively, the internal power dissipation of the regulator can be lowered by 
reducing the input voltage or the load current. In either case, the above calculations should be repeated with the new 
system parameters. 



! I- 

I_I 

Figure 43. Thermally Enhanced PWB Layout (not to scale) for the 20-Pin TSSOP 


THERMAL RESISTANCE, JUNCTION-TO-AMBIENT 


vs 
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Figure 44 


THERMAL RESISTANCE, JUNCTION-TO-AMBIENT 


vs 
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Figure 45 
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APPLICATION INFORMATION 

The TPS71XX series of low-dropout (LDO) regulators is designed to overcome many of the shortcomings of 
earlier-generation LDOs, while adding features such as a power-saving shutdown mode and a power-good 
indicator. The TPS71 xx family includes three fixed-output voltage regulators; the TPS7133 (3.3 V), the TPS7148 
(4.85 V), and the TPS7150 (5 V). The family also offers an adjustable device, the TPS7101 (adjustable from 
1.2 V to 9.75 V). 

device operation 

The TPS71 XX, unlike many other LDOs, features very low quiescent currents that remain virtually constant even 
with varying loads. Conventional LDO regulators use a pnp-pass element, the base current of which is directly 
proportional to the load current through the regulator (Ig = Ic/p)- Close examination of the data sheets reveals 
that those devices are typically specified under near no-load conditions; actual operating currents are much 
higher as evidenced by typical quiescent current versus load current curves. The TPS71xx uses a PMOS 
transistor to pass current; because the gate of the PMOS element is voltage driven, operating currents are low 
and invariable over the full load range. The TPS71xx specifications reflect actual performance under load. 

Another pitfall associated with the pnp-pass element is its tendency to saturate when the device goes into 
dropout. The resulting drop in (3 forces an Increase in Ib to maintain the load. During power up, this translates 
to large start-up currents. Systems with limited supply current may fail to start up. In battery-powered systems. 
It means rapid battery discharge when the voltage decays below the minimum required for regulation. The 
TPS71XX quiescent current remains low even when the regulator drops out, eliminating both problems. 

Included in the TPS71xx family is a 4.85-V regulator, the TPS7148. Designed specifically for 5-V cellular 
systems, its 4.85-V output, regulated to within + 2%, allows for operation within the low-end limit of 5-V systems 
specified to ± 5% tolerance; therefore, maximum regulated operating lifetime is obtained from a battery pack 
before the device drops out, adding crucial talk minutes between charges. 

The TPS71XX family also features a shutdown mode that places the output in the high-impedance state 
(essentially equal to the feedback-divider resistance) and reduces quiescent current to under 2 iiA. If the 
shutdown feature is not used, EN should be tied to ground. Response to an enable transition is quick; regulated 
output voltage is reestablished in typically 120 ps. 

minimum ioad requirements 

The TPS71XX family Is stable even at zero load; no minimum load Is required for operation. 

SENSE-pin connection 

The SENSE pin of fixed-output devices must be connected to the regulator output for proper functioning of the 
regulator. Normally, this connection should be as short as possible; however, the connection can be made near 
a critical circuit (remote sense) to improve performance at that point. Internally, SENSE connects to a 
high-impedance wide-bandwidth amplifier through a resistor-divider network and noise pickup feeds through 
to the regulator output. Routing the SENSE connection to minimize/avoid noise pickup is essential. Adding an 
RC network between SENSE and OUT to filter noise Is not recommended because it can cause the regulator 
to oscillate. 

external capacitor requirements 

An input capacitor is not required; however, a ceramic bypass capacitor (0.047 pF to 0.1 pF) improves load 
transient response and noise rejection if the TPS71xx is located more than a few inches from the power supply. 
A higher-capacitance electrolytic capacitor may be necessary if large (hundreds of milliamps) load transients 
with fast rise times are anticipated. 
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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q 
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y 
LOW-DROPOUT VOLTAGE REGULATORS 

SLVS092C - NOVEMBER 1994 - REVISED AUGUST 1995 


APPLICATION INFORMATION 
external capacitor requirements (continued) 

As with most LDO regulators, the TPS71xx family requires an output capacitor for stability. A low-ESR 10-pF 
solid-tantalum capacitor connected from the regulator output to ground is sufficient to ensure stability over the 
full load range (see Figure 46). Adding high-frequency ceramic or film capacitors (such as power-supply bypass 
capacitors for digital or analog ICs) can cause the regulator to become unstable unless the ESR of the tantalum 
capacitor is less than 1.2 Q over temperature. Capacitors with published ESR specifications such as the 
AVX TPSD106K035R0300 and the Sprague 593D106X0035D2W work well because the maximum ESR at 
25°C is 300 mO. (typically, the ESR in solid-tantalum capacitors increases by a factor of 2 or less when the 
temperature drops from 25°C to -40°C). Where component height and/or mounting area is a problem, 
physically smaller, 10-|iF devices can be screened for ESR. Figures 34 through 41 show the stable regions of 
operation using different values of output capacitance with various values of ceramic load capacitance. 

In applications with little or no high-frequency bypass capacitance (< 0.2 iiF), the output capacitance can be 
reduced to 4.7 pF, provided ESR is maintained between 0.7 and 2.5 Cl. Because minimum capacitor ESR is 
seldom if ever specified, it may be necessary to add a 0.5-Q to 1 -Q resistor in series with the capacitor and limit 
ESR to 1.5 n maximum. As show in the ESR graphs (Figures 34 through 41), minimum ESR is not a problem 
when using 10-|iF or larger output capacitors. 

Below is a partial listing of surface-mount capacitors usable with the TPS71xx family. This Information (along 
with the ESR graphs, Figures 34 through 41) is included to assist in selection of suitable capacitance for the 
user’s application. When necessary to achieve low height requirements along with high output current and/or 
high ceramic load capacitance, several higher ESR capacitors can be used in parallel to meet the guidelines 
above. 

All load and temperature conditions with up to 1 pF of added ceramic load capacitance: 


PART NO. 

MFR. 

VALUE 

MAX ESRt 

SIZE (H X L X W)t 

T421C226M010AS 

Kemet 

22 pF, 10 V 

0.5 

2.8 X 6x3.2 

593D156X0025D2W 

Sprague 

15pF,25V 

0.3 

2.8 X 7.3 X 4.3 

593D106X0035D2W 

Sprague 

10pF,35V 

0.3 

2.8 X 7.3 X 4.3 

TPSD106M035R0300 

AVX 

10pF,35V 

0.3 

2.8 X 7.3 X 4.3 

< 200 mA, ceramic load 

capacitance 

< 0.2 pF, full temperature range: 

PART NO. 

MFR. 

VALUE 

MAX ESRt 

SIZE (H X L X W)t 

592D156X0020R2T 

Sprague 

15pF,20V 

1.1 

1.2 X 7.2x6 

595D156X0025C2T 

Sprague 

15pF,25V 

1 

2.5 X 7.1 x3.2 

595D106X0025C2T 

Sprague 

10pF,25 V 

1.2 

2.5 X 7.1 x3.2 

293D226X0016D2W 

Sprague 

22 pF, 16 V 

1.1 

2.8 X 7.3 X 4.3 

< 100 mA, ceramic load 

capacitance 

< 0.2 pF, full temperature range: 

PART NO. 

MFR. 

VALUE 

MAX ESRt 

SIZE (HxLxW)t 

195D106X06R3V2T 

Sprague 

10 pF, 6.3 V 

1.5 

1.3 X 3.5 X 2.7 

195D106X0016X2T 

Sprague 

10 pF. 16 V 

1.5 

1.3 X 7x2.7 

595D156X0016B2T 

Sprague 

15 pF, 16 V 

1.8 

1.6 X 3.8 X 2.6 

695D226X0015F2T 

Sprague 

22 pF, 15 V 

1.4 

1.8 X 6.5 X 3.4 

695D156X0020F2T 

Sprague 

15pF,20V 

1.5 

1.8 X 6.5 X 3.4 

695D106X0035G2T 

Sprague 

10pF,35V 

1.3 

2.5 X 7.6 X 2.5 


t Size is in mm. ESR is maximum resistance at 100 kHz and = 25°C. Listings are sorted by height. 
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APPUCATION INFORMATION 
external capacitor requirements (continued) 


V| 



Figure 46. Typical Application Circuit 


programming the TPS7101 adjustable LDO regulator 

Programming the adjustable regulators is accomplished using an external resistor divider as shown in 
Figure 9. The equation governing the output voltage is: 



where 

Vref = reference voltage, 1.178 V typ 


Resistors R1 and R2 should be chosen for approximately 7-pA divider current. A recommended value for R2 
is 169 kD. with R1 adjusted for the desired output voltage. Smaller resistors can be used, but offer no inherent 
advantage and consume more power. Larger values of R1 and R2 should be avoided as leakage currents at 
FB will introduce an error. Solving equation 1 for R1 yields a more useful equation for choosing the appropriate 
resistance: 



( 2 ) 



OUTPUT VOLTAGE 
PROGRAMMING GUIDE 


OUTPUT 

VOLTAGE 

R1 

R2 

UNIT 

2.5 V 

191 

169 

ka 

3.3 V 

309 

169 

ko, 

3.6 V 

348 

169 

kQ 

4V 

402 

169 

kQ 

5V 

549 

169 

kQ. 

6.4 V 

750 

169 

kQ 


Figure 47. TPS7101 Adjustable LDO Regulator Programming 
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APPLICATION INFORMATION 


power-good indicator 

The TPS71XX features a power-good (PG) output that can be used to monitor the status of the regulator. The 
internal comparator monitors the output voltage: when the output drops to between 92% and 98% of its nominal 
regulated value, the PG output transistor turns on, taking the signal low. The open-drain output requires a pullup 
resistor. If not used, it can be left floating. PG can be used to drive power-on reset circuitry or as a low-battery 
indicator. PG does not assert itself when the regulated output voltage falls outside the specified 2% tolerance, 
but instead reports an output voltage low, relative to Its nominal regulated value. 

regulator protection 

The TPS71XX PMOS-pass transistor has a built-in back diode that safely conducts reverse currents when the 
input voltage drops below the output voltage (e.g., during power down). Current is conducted from the output 
to the input and Is not internally limited. If extended reverse voltage is anticipated, external limiting may be 
appropriate. 

The TPS71XX also features internal current limiting and thermal protection. During normal operation, the 
TPS71XX limits output current to approximately 1 A. When current limiting engages, the output voltage scales 
back linearly until the overcurrent condition ends. While current limiting is designed to prevent gross device 
failure, care should be taken not to exceed the power dissipation ratings of the package. If the temperature of 
the device exceeds 165°C, thermal-protection circuitry shuts it down. Once the device has cooled, regulator 
operation resumes. 
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TPS7133QPWP TPS7133Y 
MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS 


I • Thermally Enhanced Surface-Mount 
I Package (PWP) 

I • High-Current (500-mA) LDO Regulator 
I • Very Low-Dropout Voltage... Maximum of 
I 60 mV at lo = 100 mA 

• Extremely Low Sleep-State Current 
0.5 ]LiA Max 

• 2% Output-Voltage Tolerance Over Full 
Range of Load, Line, and Temperature 

• Output Current Range of 0 mA to 500 mA 

• Power Good (PG) Status Output 

description 

The TPS7133QPWP is a micropower low-dropout 
(LDO) voltage regulator with a fixed 3.3-V output 
voltage, rated for loads up to 500 mA. The device 
is ideal for applications that require 3.3 V from a 
5-V supply, or a constant output from a battery, 
such as alkaline or lithium ion, that drops off 
considerably in voltage as it discharges. 

To maximize the advantage of its high-output- 
current capability, the TPS7133QPWP is now 
offered in a new thermally enhanced surface- 
mount power package. Designed to the same 
dimensions as the 20-pin TSSOP (just 1.2 mm 
high), the part has an innovative thermal pad, 
which, when soldered to the printed-wiring board 
(PWB), enables the device to dissipate several 
watts of power (see Figure 1 and Thermal 
Information section). 

Using a PMOS transistor as the pass element 
keeps the quiescent current very low and 
constant. Independent of output loading (typically 
270 pA over the full range of output current, 0 mA 
to 500 mA). Because the PMOS device also 
behaves as a low-value resistor, the dropout is 
very low - maximum of 60 mV at 100 mA. These 
two key specifications yield a significant Improve¬ 
ment in operating life for battery-powered 
systems. The LDO also features a sleep mode; 
applying a TTL high signal to EN shuts down the 
regulator, reducing the quiescent current to 
0.5 pA. 


SLVS101A- FEBRUARY 1995- REVISED AUGUST 1995 

PWP PACKAGE 
(TOP VIEW) 

GND/HEATSINK CX 10 20 □□ GND/HEATSINK 

GND/HEATSINK UZ 2 19 □□ GND/HEATSINK 

GND CX 3 18 □□ NC 

EX 4 17 □□ NC 

EN CX 5 16 ID PG 

IN CX 6 15 ID SENSE 

IN CX 7 14 □□ OUT 

NC CX 8 13 !□ OUT 

GND/HEATSINK CX 9 12 □□ GND/HEATSINK 

GND/HEATSINK CX 10 11 X] GND/HEATSINK 

NC - No internal connection 



Figure 1. Bottom View of PWP Package, 
Showing the Thermai Pad 



0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 
Iq “ Output Current - A 

Figure 2. Typical Dropout Voltage Versus 
Output Current 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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TPS7133QPWP TPS7133Y 

MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS 


SLVS101A- FEBRUARY 1995 - REVISED AUGUST 1995 


AVAILABLE OPTfONSt 


Tj 

OUTPUT VOLTAGE 
(V) 

PACKAGED DEVICES 

CHIP FORM 

MIN 

TYP 

MAX 

THERMALLY-ENHANCED TSSOP 
(PWP) 

(Y) 

-55°C to ISO^’C 

3.23 

3.3 

3.37 

TPS7133QPWPPWPLE 

TPS7133Y 


t The PWP package is only available left-end taped and reeled (indicated by the LE suffix on the device type; e.g., 
TPS7133QPWPLE). The chip form is tested at 25°C. 


TPS7133QPWP 



t Capacitor selection Is nontrivial. See application information section 
for details. 


Figure 3. Typical Application Configuration 


functional block diagram 



PG 


OUT 

SENSE§ 


t Switch positions shown with EN active low. 

§ For most applications, SENSE should be externally connected to OUT as close as possible to the 
device. For other Implementations, refer to SENSE-pIn connection discussion in applications 
information section. 
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TPS7133QPWP, TPS7133Y 
MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS 


SLVS101A- FEBRUARY 1995- REVISED AUGUST 1995 


TPS7133Y chip information 

This chip, when properly assembled, displays characteristics similar to the TPS7133QPWP. Thermal 
compression or ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be 
mounted with conductive epoxy or a gold-silicon preform. 
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TPS7133QPWP, TPS7133Y 

MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS 

SLVS101A- FEBRUARY 1995- REVISED AUGUST 1995 ' _ 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Input voltage range^^, V|, PG, SENSE, EN .......-0.3 to 10 V 

Output current, Iq ... ...... 2 A 

Continuous total power dissipation .... See Dissipation Rating Tables 1 and 2 

Operating virtual junction temperature range, Tj .. -55°C to 150°C 

Storage temperature range, Tstg .... -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ..... 260°C 

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability, 
t All voltage values are with respect to network terminal ground. 


DISSIPATION RATING TABLE 1 - FREE-AIR TEMPERATURE (see Figure 4)§ 


PACKAGE 

Ta<25°C 

DERATING FACTOR 

Ta = 70°c 

Ta =125°C 

POWER RATING 

ABOVE Ta = 25X 

POWER RATING 

POWER RATING 

PWP 

700 mW 

5.6mWrC 

448 mW 

140 mW 


DISSIPATION RATING TABLE 2 - CASE TEMPERATURE (see Figure 5)§ 


PACKAGE 

Tc<62.5°C 

DERATING FACTOR 

Tc = 70°C 

Tc = 125°C 

POWER RATING 

ABOVE Tc = 62.5'^C 

POWER RATING 

POWER RATING 

PWP 

25 W 

285.7 mW/°C 

22.9 W 

7.1 W 



Ta - Free-Air Temperature - '’C 


MAXIMUM CONTINUOUS DISSIPATION! 
vs 



25 50 75 100 125 150 

Tq - Case Temperature - °C 


Figure 4 Figure 5 

§ Dissipation rating tables and figures are provided for maintenance of junction temperature at or below absolute maximum temperature of 150°C. 
For guidelines on maintaining junction temperature within recommended operating range, see the Thermal Information section. 
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TPS7133QPWP, TPS7133Y 
MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS 


SLVS101A - FEBRUARY 1995 - REVISED AUGUST 1995 


recommended operating conditions 



MIN 

MAX 

UNIT 

Input voltage, V|t 

3.77 

10 

V 

High-level input voltage at EN, V|h 

2 

V 

Low-level input voltage at V|i_ 

0.5 

V 

Output current range, Iq 

0 

500 

mA 

Operating virtual junction temperature range, Tj 

-40 

125 



t Minimum input voltage defined in the recommended operating conditions is the maximum specified output voltage plus dropout voltage Vqq^ 
at the maximum specified load range. Since dropout voltage is a function of output current, the usable range can be extended for lighter loads. 
To calculate the minimum input voltage for your maximum output current, use the following equation: 


^l(min) ^O(max) ^DO(max load) 

t This symbol is not currently listed within EIA or JEDEC standards for semiconductor symbology. 


electrical characteristics at i© = 10 mA, EN = 0 V, Cq = 4.7 iiiF/ESRt = 1 Q, SENSE shorted to OUT 
(uniess otherwise noted) 


PARAMETER 

TEST CONDITIONS^ 

Tj 

TPS7133QPWP 

UNIT 

MIN TYP MAX 

Ground current (active mode) 

In < 0.5 V, V| = Vo +1 V, 

0 < Iq ^ 500 mA 

25°C 

285 350 

|iA 

-40°C to 125°C 

460 

Input current (standby mode) 

EN = V|, 2.7V<V|<10V 

25°C 

0.5 


-40°Cto 125°C 

2 

Output current limit 

Vo = 0, V| = 10V 

25°C 

1.2 2 

A 

-40°Cto 125°C 

2 

Pass-element leakage current in 
standby mode 

EN = V|, 2.7V<V|<10V 

25°C 

0.5 

^lA 

-40°C to 125°C 

1 

PG leakage current 

Normal operation, Vpo = 10 V 

25°C 

0.02 0.5 

^lA 

-40°Cto125°C 

0.5 

Output voltage temperature coefficient 


-40°C to 125°C 

61 75 

ppm/°C 

Thermal shutdown junction temperature 



165 

°C 

EN logic high (standby mode) 

2.5V<V|<6V 

-40°Cto125°G 

2 

V 

6V<V|<10V 

2.7 

EN logic low (active mode) 

2.7V<V|<10V 

25°C 

0.5 

V 

-40°Cto 125°C 

0.5 

EN hysteresis voltage 


25°C 

50 

mV 

EN input current 

0<V|<10V 

25°C 

-0.5 0.5 

liA 

-40°C to 125°C 

-0.5 0.5 

Minimum Vi for active pass element 


25°C 

2.05 2.5 

V 

-40°Cto 125°C 

2.5 

Minimum V| for valid PG 

IpG = 300 \iA 

25X 

1.06 1.5 

V 

-40°C to 125°C 

1.9 


§ ESR refers to the equivalent series resistance, including internal and external resistance. 

H Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 
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TPS7133QPWP, TPS7133Y 

MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS 

SLVS101A- FEBRUARY 1995 - REVISED AUGUST 1995 


electrical characteristics at Iq = 10 mA, V| = 4.3 V, EN = 0 V, Cq = 4.7 ^F/ESRt = 1 a, SENSE shorted 
to OUT (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS? 

Tj 

TPS7133QPWP 

UNIT 

MIN TYP MAX 

Output voltage 

V| = 4.3V, IO = 10mA 

25°C 

3.3 

V 

4.3V<V|^10V, ,5mA<lo^500mA 

-40°C to 125°C 

3.23 3.37 

Dropout voltage 

IO = 10mA, V| = 3.23 V 

25°C 

0.02 6 

mV 

-40°C to 125'^C 

8 

l0 = 100 mA, V| = 3.23 V 

25°C 

47 60 

-40°C to 125°C 

80 

Iq = 500 mA, Vj = 3.23 V 

25°C 

235 300 

-40°C to 125°C 

400 

Pass-element series resistance 

(3.23V-Vo)/lo. Vi = 3.23 V, 

Iq = 500 mA 

25°C 

0.47 0.6 

a 

-40°C to 125°C 

0.8 

Input voltage regulation 

V| = 4.3 VtolOV, 50 laA < Iq < 500 mA 

25°C 

20 

mV 

-40°C to 125°C 

27 

Output voltage regulation 

Iq = 5 mA to 500 mA, 4.3V<V|<10V 

25°C 

21 38 

mV 

-40°C to 125°C 

_Z5, 

IO = 50pAto500mA, 4.3V<V|<10V 

25°C 

o 

CD 

O 

CO 

mV 

-40'’Cto125°C 

120 

Ripple rejection 

f = 120 Hz 

Iq = 50 |liA 

25°C 

43 54 

dB 

-40°C to 125°C 

40 

Iq = 500 mA 

25°C 

39 49 

-40°C to 125°C 

36 

Output noise-spectral density 

f=120Hz 

25°C 

2 

^V/VHz 

Output noise voltage 

10Hz<f<100 kHz, 
ESRt = 1 Q 

Co = 4.7 |iF 

25°C 

274 

liVrms 

Co = 10^F 

25°C 

228 

Co = 100 ^iF 

25°C 

159 

PG trip-threshold voltage 

Vq voltage decreasing from above VpQ 

-40°C to 125°C 

0.92 X 0.98 X 

Vo(nom) Vo(nom) 

V 

PG hysteresis voltage 


25°C 

35 

mV 

PG output low voltage 

IpG = 1 mA, V| = 2.8 V 

25°C 

0.22 0.4 

V 

-40°C to 125°C 

0.4 


t ESR refers to the equivalent series resistance, including internal and external resistance. 

t Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 
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TPS7133QPWP TPS7133Y 
MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS 
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electrical characteristics at io = 10 mA, EN = 0 V, Cq = 4.7 |iF/ESR+ = 1 Q, Tj = 25°C, SENSE shorted 
to OUT (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS^ 

TPS7133Y 

UNIT 

MIN TYP MAX 

Ground current (active mode) 

EN < 0.5 V, V| = Vo + 1 V, 

0 < Iq ^ 500 mA 

285 

pA 

Output current limit 

Vo = 0, V| = 10V 

1.2 

A 

PG leakage current 

Normal operation, Vpo = 10 V 

0.02 

|xA 

Thermal shutdown junction temperature 


165 

°C 

EN hysteresis voltage 


50 

mV 

Minimum V| for active pass element 


2.05 

V 

Minimum V| for valid PG 

IpG = 300 p,A 

1.06 

V 


§ ESR refers to the equivalent series resistance, including internal and external resistance. 

H Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 


electrical characteristics at Iq = 10 mA, V|=4.3 V, EN = 0 V, Cq = 4.7 jiF/ESRt = 1 O, Tj = 25°C, SENSE 
shorted to OUT (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS? 

TPS7133Y 

UNIT 

MIN TYP MAX 

Output voltage 

V| = 4.3V, IO = 10mA 

3.3 

V 

Dropout voltage 

IO = 10mA, V| = 3.23 V 

0.02 

mV 

IO= 100 mA, V| = 3.23 V 

47 

Io = 500 mA, V| = 3.23 V 

235 

Pass-element series resistance 

(3.23V-Vo)/lo. V| = 3.23 V, 

Iq = 500 mA 

0.47 

Q 

Output voltage regulation 

Io = 5 mA to 500 mA, 4.3 V < V| < 10 V 

21 

mV 

Io = 50 pA to 500 mA, 4.3 V < V| < 10 V 

30 

mV 

Ripple rejection 

f = 120 Hz 

Io = 50 pA 

54 

dB 

Io = 500 mA 

49 

Output noise-spectral density 

f=120Hz 

2 

pV/VFiz 

Output noise voltage 

10Hz<f<100 kHz, 
ESRt = 1 a 

Co = 4.7 pF 

274 

pVrms 

Co= lOpF 

228 

Co = 100 pF 

159 

PG hysteresis voltage 


35 

mV 

PG output low voltage 

IpG = 1 mA. V| = 2.8 V 

0.22 

V 


t ESR refers to the equivalent series resistance, including internal and external resistance. 

t Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 
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MICROPOWER LOW-DROPOUT (LOO) VOLTAGE REGULATORS 
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TYPICAL CHARACTERISTICS 


Table of Graphs 
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TPS7133QPWP, TPS7133Y 
MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS 
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TYPICAL CHARACTERISTICS 


QUIESCENT CURRENT 


vs 

OUTPUT CURRENT 



Iq - Output Current - mA 


Figure 6 


QUIESCENT CURRENT 
vs 



-50 -25 0 25 50 75 100 125 

Ta - Free-Air Temperature - °C 


QUIESCENT CURRENT 


vs 

INPUT VOLTAGE 



Figure 7 


> 

I 


DROPOUT VOLTAGE 



0 50 100 150 200 250 300 350 400 450 500 


Iq - Output Current - mA 


Figure 8 


Figure 9 
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TYPICAL CHARACTERISTICS 



CHANGE IN OUTPUT VOLTAGE 


vs 



-50 -25 0 25 50 75 100 125 

Ta - Free-Air Temperature - °C 


Figure 10 


OUTPUT VOLTAGE 
vs 



0 1 23456789 10 


V| - Input Voltage - V 


Figure 11 

CHANGE IN OUTPUT VOLTAGE 


vs 
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Figure 12 


Figure 13 
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OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 



OUTPUT SPECTRAL NOISE DENSITY 
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f - Frequency - Hz 


RIPPLE REJECTION 
vs 
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f - Frequency - Hz 


Figure 15 

PASS-ELEMENT RESISTANCE 


vs 
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Figure 16 


Figure 17 
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DIVIDER RESISTANCE 
vs 


SENSE PIN CURRENT 
vs 


a 


Q 
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Ta - Free-Air Temperature - °C 

Figure 18 

MINIMUM INPUT VOLTAGE 
(ACTIVE PASS ELEMENT) 
vs 



-50 -25 0 25 50 75 100 125 

Ta - Free-Air Temperature - °C 

Figure 20 
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Figure 19 

MINIMUM INPUT VOLTAGE 
(VALID PG) 
vs 
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Ta - Free-Air Temperature - °C 

Figure 21 
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EN INPUT CURRENT 
vs 
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Figure 22 


Figure 23 
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Figure 24 
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TYPICAL REGIONS OF STABILITY 
TOTAL ESR 


TYPICAL REGIONS OF STABILITY 

TOTAL ESR 



Iq ~ Output Current - mA 


vs 
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Iq - Output Current - mA 


Figure 25 


Figure 26 


TYPICAL REGIONS OF STABILITY 

TOTAL ESR 


vs 
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TYPICAL REGIONS OF STABILITY 
TOTAL ESR 
vs 

ADDED CERAMIC CAPACITANCE 



Added Ceramic Capacitance - ^.F 


Figure 27 


Figure 28 
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TYPICAL REGIONS OF STABILITVt 
TOTAL ESR 
vs 


TYPICAL REGIONS OF STABILITYt 
TOTAL ESR 
vs 
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Iq - Output Current - mA 

Figure 29 

TYPICAL REGIONS OF STABILITYt 
TOTAL ESR 
vs 

ADDED CERAMIC CAPACITANCE 
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Iq - Output Current - mA 

Figure 30 
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Figure 31 


Figure 32 


t ESR values below 0.1 n are not recommended. 
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TYPICAL CHARACTERISTICS 



t Ceramic capacitor 

Figure 33. Test Circuit for Typical Regions of Stability (Figures 25 through 32) 


THERMAL INFORMATION 

The thermally enhanced PWP package is based on the 20-pjn TSSOP, but includes a thermal pad [see Figure 34(c)] 
to provide an effective thermal contact between the 1C and the PWB. 

Traditionally, surface mount and power have been mutually exclusive terms. A variety of scaled-down TO220-type 
packages have leads formed as gull wings to make them applicable for surface-mount applications. These packages, 
however, suffer from several shortcomings: they do not address the very low profile requirements (<2 mm) of many 
of today’s advanced systems, and they do not offer a pin-count high enough to accommodate Increasing Integration. 
On the other hand, traditional low-power surface-mount packages require power-dissipation derating that severely 
limits the usable range of many high-performance analog circuits. 

The PWP package (thermally enhanced TSSOP) combines fine-pitch surface-mount technology with thermal 
performance comparable to much larger power packages. 

The PWP package is designed to optimize the heat transfer to the PWB. Because of the very small size and limited 
mass of a TSSOP package, thermal enhancement is achieved by improving the thermal conduction paths that remove 
heat from the component. The thermal pad is formed using a lead-frame design (patent pending) and manufacturing 
technique to provide the user with direct connection to the heat-generating 1C. When this pad Is soldered or otherwise 
coupled to an external heat dissipator, high power dissipation in the ultrathin, fine-pitch, surface-mount package can 
be reliably achieved. 


r---- 

- \ 

1-^ 1 DIE ( 



U 


1 



Side View (a) 


End View (b) 


Bottom View (c) 

Figure 34. Views of Thermally Enhanced PWP Package 
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Because the conduction path has been enhanced, power-dissipation capability is determined by the thermal 
considerations In the PWB design. For example, simply adding a localized copper plane (heat-sink surface), which 
is coupled to the thermal pad, enables the PWP package to dissipate 2.5 W in free air (reference Figure 36(a), 8 cm^ 
of Cu heat sink and natural convection). Increasing the heat-sink size Increases the power dissipation range for the 
component. The power dissipation limit can be further improved by adding airflow to a PWB/IC assembly (see 
Figures 35 and 36). The line drawn at 0.3 cm^ in Figures 35 and 36 indicates performance at the minimum 
recommended heat-sink size. Illustrated In Figure 38. 

The thermal pad is directly connected to the substrate of the IC, which for the TPS7133QPWP is a secondary electrical 
connection to device ground. The heat-sink surface that is added to the PWB can be a ground plane or left electrically 
isolated. In other TO220-type surface-mount packages, the thermal connection Is also the primary electrical 
connection for a given terminal which is not always ground. The PWP package provides up to 12 independent leads 
that can be used as Inputs and outputs (Note: leads 1, 2, 9,10, 11, 12,19, and 20 are internally connected to the 
thermal pad and the IC substrate). 

THERMAL RESISTANCE 
vs 

COPPER HEAT-SINK AREA 



0 0.3 1 2 3 4 5 6 7 8 

Copper Heat-Sink Area - cm2 

Figure 35 
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Figure 37 is an example of a thermally enhanced PWB layout for use with the new PWP package. This board 
configuration was used in the thermal experiments that generated the power ratings shown in Figures 35 and 36. As 
discussed earlier, copper has been added on the PWB to conduct heat away from the device. Rej^ for this assembly 
is illustrated in Figure 35 as a function of heat-sink area. A family of curves Is included to Illustrate the effect of airflow 
introduced into the system. 



Figure 37. PWB Layout (Including Cu Heatsink Area) for Thermally Enhanced PWP Package 


From Figure 35, Rqja for a PWB assembly can be determined and used to calculate the maximum power-dissipation 
limit for the component/PWB assembly, with the equation; 

Tjmax - 

R0JA(system) 

Where 

Tjmax is the maximum specified junction temperature (150°C absolute maximum limit, 125°C recommended 
operating limit) and T^ Is the ambient temperature. 

PD(max) should then be applied to the Internal power dissipated by the TPS7133QPWP regulator. The equation for 
calculating total internal power dissipation of the TPS7133QPWP is; 

PD(total) = h-Vo)-'o + ''l 'Q 

Since the quiescent current of the TPS7133QPWP is very low, the second term is negligible, further simplifying the 
equation to; 

^D{total) " " '^o) ■ 'o 

For the case where T^ = 55°C, airflow = 200 ft/mln, copper heat-sink area = 4 cm^, the maximum power-dissipation 
limit can be calculated. First, from Figure 35, we find the system Rqja is 50°C/W; therefore, the maximum 
power-dissipation limit is; 


D(max) 


Tjmax - 
*^0JA(system) 


50°C/W 
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If the system implements a TPS7133QPWP regulator, where V| = 6 V and \q = 500 mA, the internal power dissipation 
is: 


PD(total) = (V| - Vq) • 'o = (6 - 3-3) • 0-5 = 1-35 W 

Comparing PD(total) with PD(max) reveals that the power dissipation in this example does not exceed the calculated 
limit. When it does, one of two corrective actions should be made: raising the power-dissipation limit by increasing 
the airflow or the heat-sink area, or lowering the internal power dissipation of the regulator by reducing the input 
voltage or the load current. In either case, the above calculations should be repeated with the new system parameters. 

mounting information 

Since the thermal pad is not a primary connection for an electrical signal, the importance of the electrical 
connection Is not significant. The primary requirement is to complete the thermal contact between the thermal 
pad and the PWB metal. The thermal pad is a solderable surface and Is fully intended to be soldered at the time 
the component Is mounted. Although voiding in the thermal-pad solder-connection is not desirable, up to 50% 
voiding is acceptable. The data included In Figures 35 and 36 is for soldered connections with voiding between 
20% and 50%. The thermal analysis shows no significant difference resulting from the variation in voiding 
percentage. 

Figure 38 shows the solder-mask land pattern for 
the PWP package. The minimum recommended 
heat-sink area is also illustrated. This is simply a 
copper plane under the body extent of the 
package, Including metal routed under terminals 
1,2, 9, 10,11,12,19, and 20. 


reliability information 

This section includes demonstrated reliability test 
results obtained from the qualification program. 
Accelerated tests are performed at high-stress 
conditions so that product reliability can be 
established during a relatively short test duration. 
Specific stress conditions are chosen to represent 
accelerated versions of various device- 
application environments and allow meaningful 
extrapolation to normal operating conditions. 


Minimum Recommended Location of Exposed 
Heat-Sink Area Thermal Pad on 
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component level reliability test resuits 
preconditioning 

Preconditioning of components prior to reliability testing is employed to simulate the actual board assembly 
process used by the customer. This ensures that reliability test results are more representative of those that 
would be seen in the final application. The general form of the preconditioning sequence Includes a moisture 
soak followed by multiple vapor-phase-reflow or infrared-reflow solder exposures. All components used in the 
following reliability tests were preconditioned in accordance with JEDEC Test Method A113 for Level 1 (not 
moisture-sensitive) products. 

high’temperature iife test 

High-temperature life testing is used to demonstrate long-term reliability of the product under bias. The potential 
failure mechanisms evaluated with this stress are those associated with dielectric integrity and design or 
process sensitivity to mobile-ion phenomena. Components are tested at an elevated ambient temperature of 
155°C for an extended period. Results are derated using the Arrhenius equation to an equivalent number of unit 
hours at a representative application temperature. The corresponding predicted failure rate is expressed in FITs, 
or failures per billion device-hours. The failure rate shown In this case is data-limited since no actual failures 
were experienced during qualification testing. 


1 PREDICTED LONG-TERM FAILURE RATE | 

Number of Units 

Equivalent Unit Hours at 55°C and 0.7 eV 

FITS at 50% CL 

325 

24,468,090 

36.2 


biased humidity test 

Biased humidity testing is used to evaluate the effects of moisture penetration on plastic-encapsulated devices 
under bias. This stress verifies the integrity of the package construction and the die passivation system. The 
primary potential failure mechanism Is electrolytic corrosion. Components are biased In a low power state to 
reduce heat dissipation and are subjected to a 120°C, 85%-relative-humidity environment for 100 hours. 


BIASED HUMIDITY TEST RESULTS | 

Equivalent Unit Hours at 85®C and 85% RH 

Failures 

357,000 

0 


autoclave test 

The autoclave stress is used to assess the capabilities of the die and package construction materials with 
respect to moisture Ingress and extended exposure. Predominant failure mechanisms include leakage currents 
that result from internal moisture accumulation and galvanic corrosion resulting from reactions with any present 
ionic contaminants. Components are subjected to a 121'"C, 15 PSIG, 100%-relative-humldity environment for 
240 hours. 


AUTOCLAVE TEST RESULTS | 

Total Unit Hours 

Failures 

54,720 

0 
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thermal shock test 

Thermal shock testing is used to evaluate the capability of the component to withstand mechanical stress 
resulting from differences In thermal coefficients of expansion among the die and package construction 
materials. Failure mechanisms are typically related to physical damage at interface locations between different 
materials. Components are cycled between -65°C and 150°C In liquid mediums for a total duration of 1000 
cycles. 


THERMAL SHOCK TEST RESULTS | 

Total Unit Cycles 

Failures 

345,000 

0 


PWB assembly level reliability resuits 
temperature cycle test 

Temperature cycle testing of the PWB assembly is used to evaluate the capability of the assembly to withstand 
mechanical stress resulting from the differences in thermal coefficients of expansion among die, package, and 
PWB board materials. This testing is also used to sufficiently age the soldered thermal connection between the 
thermal pad and the Cu trace on the FR4 board and evaluate the degradation of the thermal resistance for a 
board-mounted test unit. The assemblies were cycled between temperature extremes of-40°C and 125°C for 
a total duration of 730 cycles. 


TEMPERATURE CYCLE TEST RESULTS | 

Total Unit Cycles 

Failures 

Average Change in R0jA(svstem) 

36,500 

0 

-0.41% 


solderability test 

Solderability testing is used to simulate actual board-mount performance in a reflow process. 

Soldefability testing is conducted as follows; The test devices are first steam-aged for 8 hours. A stencil is used 
to apply a solder-paste terminal pattern on a ceramic substrate (nominal stencil thickness is 0.005 inch). The 
test units are manually placed on the solder-paste footprint with proper implements to avoid contamination. The 
ceramic substrate and components are subjected to the IR reflow process as follows; 


IR REFLOW PROCESS 



PREHEAT SOAK 

REFLOW 

Temperature 

150°Cto170°C 

215°Cto230°C 

Time 

60 sec 

60 sec 


After cooling to room temperature, the component is removed from the ceramic substrate and the component 
terminals are subjected to visual inspection at 10X magnification. 

Test results are acceptable if all terminations exhibit a continuous solder coating free of defects for a minimum 
95% of the critical surface area of any individual termination. Causes for rejection Include; dewetting, 
nonwetting, and pin holes. The component leads and the exposed thermal pad were evaluated against this 
criteria. 


SOLDERABILITY TEST RESULTS | 

Number of Test Units 

Failures 

22 

0 


X-ray test 

X-ray testing is used to examine and quantify the voiding of the soldered attachment between the thermal pad 
and the PWB copper trace. Voiding between 20% and 50% was observed on a 49-plece sample. 
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APPLICATION INFORMATION 

The TPS7133QPWP low-dropout (LDO) regulator Is designed to overcome many of the shortcomings of 
earlier-generation LDOs, while adding features such as a power-saving shutdown mode and a power-good 
indicator, 

device operation 

The TPS7133QPWP, unlike many other LDOs, features very low quiescent currents that remain virtually 
constant even with varying loads. Conventional LDO regulators use a pnp-pass element, the base current of 
which is directly proportional to the load current through the regulator (Ib = Iq/P)- Close examination of the data 
sheets reveals that those devices are typically specified under near no-load conditions; actual operating 
currents are much higher as evidenced by typical quiescent-current versus load-current curves. The 
TPS7133QPWP uses a PMOS transistor to pass current; because the gate of the PMOS element is voltage 
driven, operating currents are low and invariable over the full load range. The TPS7133QPWP specifications 
reflect actual performance under load. 

Another pitfall associated with the pnp-pass element is its tendency to saturate when the device goes into 
dropout. The resulting drop in p forces an increase in Ib to maintain the load. During power up, this translates 
to large start-up currents. Systems with limited supply current may fail to start up. In battery-powered systems. 
It means rapid battery discharge when the voltage decays below the minimum required for regulation. The 
TPS7133QPWP quiescent current remains low even when the regulator drops out, eliminating both problems. 

The TPS7133QPWP also features a shutdown mode that places the output In the high-impedance state 
(essentially equal to the feedback-divider resistance) and reduces quiescent current to under 2 pA. EN is pulled 
down internally, requiring no external connection for continuous operation. Response to an enable transition Is 
quick; regulated output voltage is reestablished In typically 120 ps. 

minimum ioad requirements 

The TPS7133QPWP is stable even at zero load; no minimum load is required for operation. 

sense-pin connection 

The SENSE pin must be connected to the regulator output for proper functioning of the regulator. Normally, this 
connection should be as short as possible; however, the connection can be made near a critical circuit (remote 
sense) to Improve performance at that point. Internally, SENSE connects to a hIgh-Impedance wide-bandwidth 
amplifier through a resistor-divider network and noise pickup feeds through to the regulator output. Routing the 
SENSE connection to minimize/avoid noise pickup is essential. Adding an RC network between SENSE and 
OUT to filter noise Is not recommended because it can cause the regulator to oscillate. 

externai capacitor requirements 

An Input capacitor is not required; however, a ceramic bypass capacitor (0.047-pF to 0.1-pF) improves load 
transient response and noise rejection if the TPS7133QPWP is located more than a few inches from the power 
supply. A higher-capacitance electrolytic capacitor may be necessary if large (hundreds of milllamps) load 
transients with fast rise times are anticipated. 

As with most LDO regulators, the TPS7133QPWP requires an output capacitor for stability. A low-ESR 10-pF 
solid-tantalum capacitor connected from the regulator output to ground Is sufficient to ensure stability over the 
full load range (see Figure 39). Adding high-frequency ceramic or film capacitors (such as power-supply bypass 
capacitors for digital or analog ICs) can cause the regulator to become unstable unless the ESR of the tantalum 
capacitor is less than 1.2 O over temperature. Capacitors with published ESR specifications such as the 
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AVX TPSD106K035R0300 and the Sprague 593D106X0035D2W work well because the maximum ESR at 
25°C is 300 mQ (typically, the ESR in solid-tantalum capacitors increases by a factor of 2 or less when the 
temperature drops from 25°C to -40°C). Where component height and/or mounting area is a problem, 
physically smaller, tO-pF devices can be screened for ESR. Figures 25 through 32 show the stable regions of 
operation using different values of output capacitance with various values of ceramic load capacitance. 

In applications with little or no high-frequency bypass capacitance (< 0.2 pF), the output capacitance can be 
reduced to 4.7 jiF, provided ESR is maintained between 0.7 and 2.5 Q. Because minimum capacitor ESR is 
seldom If ever specified. It may be necessary to add a 0.5-^2 to 1 -Q resistor in series with the capacitor and limit 
ESR to 1.5maximum. As shown in the ESR graphs (Figures 25 through 32), minimum ESR is not a problem 
when using 10-|iF or larger output capacitors. 

Below is a partial listing of surface-mount capacitors usable with the TPS7133QPWP. This information (along 
with the ESR graphs. Figures 25 through 32) is included to assist In selection of suitable capacitance for the 
user’s application. When necessary to achieve low height requirements along with high output current and/or 
high ceramic load capacitance, several higher ESR capacitors can be used in parallel to meet the guidelines 
above. 


All load and temperature conditions with up to 1 pF of added ceramic load capacitance: 


PART NO. 

MFR. 

VALUE 

MAX ESRt 

SIZE (H X L X W)t 

T421C226M010AS 

Kemet 

22 pF, 10 V 

0.5 

2.8 X 6 X 3.2 

593D156X0025D2W 

Sprague 

15pF, 25 V 

0.3 

2.8 X 7.3 X 4.3 

593D106X0035D2W 

Sprague 

10pF,35V 

0.3 

2.8 X 7.3 X 4.3 

TPSD106M035R0300 

AVX 

10pF,35V 

0.3 

2.8 X 7.3 X 4.3 

< 200 mA, ceramic load 

capacitance 

< 0.2 pF, full temperature range: 

PART NO. 

MFR. 

VALUE 

MAX ESRt 

SIZE (H X L X W)t 

592D156X0020R2T 

Sprague 

15pF,20V 

1.1 

1.2 X 7.2x6 

595D156X0025C2T 

Sprague 

15pF, 25 V 

1 

2.5 X 7.1 x3.2 

595D106X0025C2T 

Sprague 

lOpF, 25 V 

1.2 

2.5 X 7.1 x3.2 

293D226X0016D2W 

Sprague 

22 pF, 16 V 

1.1 

2.8 X 7.3 X 4.3 

< 100 mA, ceramic load 

capacitance 

< 0.2 pF, full temperature range: 

PART NO. 

MFR. 

VALUE 

MAX ESRt 

SIZE (H X L X W)t 

195D106X06R3V2T 

Sprague 

10 pF, 6.3 V 

1.5 

1.3 X 3.5 X 2.7 

195D106X0016X2T 

Sprague 

10 pF, 16 V 

1.5 

1.3 X 7x2.7 

595D156X0016B2T 

Sprague 

15 pF, 16 V 

1.8 

1.6 X 3.8 X 2.6 

695D226X0015F2T 

Sprague 

22 pF, 15 V 

1.4 

1.8 X 6.5 X 3.4 

695D156X0020F2T 

Sprague 

15pF,20V 

1.5 

1.8 X 6.5 X 3.4 

695D106X0035G2T 

Sprague 

lOpF, 35 V 

1.3 

2.5 X 7.6 X 2.5 

is in mm. ESR is maximum resistance at 100 kHz and Ta = 25^0. 

Listings are sorted 

by height. 
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external capacitor requirements (continued) 


TPS7133QPWP 



Figure 39. Typical Application Circuit 


power-good indicator 

The TPS7133QPWP features a power-good (PG) output that can be used to monitor the status of the regulator. 
The internal comparator monitors the output voltage: when the output drops to between 92% and 98% of its 
nominal regulated value, the PG output transistor turns on, taking the signal low. The open-drain output requires 
a pullup resistor. If not used, it can be left floating. PG can be used to drive power-on reset circuitry or used as 
a low-battery indicator. PG does not assert itself when the regulated output voltage falls out of the specified 2% 
tolerance, but instead reports an output voltage low, relative to its nominal regulated value. 

regulator protection 

The TPS7133QPWP PMOS-pass transistor has a built-in back diode that safely conducts reverse currents 
when the input voltage drops below the output voltage (e.g., during power down). Current is conducted from 
the output to the Input and Is not internally limited. If extended reverse voltage is anticipated, external limiting 
may be appropriate. 

The TPS7133QPWP also features Internal current limiting and thermal protection. During normal operation, the 
TPS7133QPWP limits output current to approximately 1 A. When current limiting engages, the output voltage 
scales back linearly until the overcurrent condition ends. While current limiting Is designed to prevent gross 
device failure, care should be taken not to exceed the power dissipation ratings of the package. If the 
temperature of the device exceeds 165°C, thermal-protection circuitry shuts it down. Once the device has 
cooled, regulator operation resumes. 
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I • Available in 5-V, 4.85-V, and 3.3-V 
I Fixed-Output and Adjustable Versions 
I • Dropout Voltage <85 mV Max at 
lo = 100 mA (TPS7250) 

I • Low Quiescent Current, Independent of 
Load, 155 |xA Typ 

• 8-Pin SOIC and 8-Pin TSSOP Package 
(Product Preview) 

• Output Reguiated to ±2% Over Fuii 
Operating Range for Fixed-Output Versions 

• Extremely Low Sleep-State Current, 

0.5 [lA Max 

• Power-Good (PG) Status Output 
description 

The TPS72XX family of low-dropout (LDO) voltage 
regulators offers the benefits of low-dropout 
voltage, micropower operation and miniaturized 
packaging. These regulators feature extremely 
low dropout voltages and quiescent currents 
compared to conventional LDO regulators. 
Offered in small-outline integrated-circuit (SOIC) 
packages and (product preview only) 8-terminal 
thin shrink small-outline (TSSOP), the TPS72xx 
series devices are ideal for cost-sensitive designs 
and where board space is at a premium. 

A combination of new circuit design and process 
innovation has enabled the usual pnp pass 
transistor to be replaced by a PMOS device. 
Because the PMOS pass element behaves as a 
low-value resistor, the dropout voltage is very low 
- maximum of 85 mV at 100 mA of load current 
(TPS7250) - and Is directly proportional to the 
load current (see Figure 1). Since the PMOS pass 
element is a voltage-driven device, the quiescent 
current is very low (300 pA maximum) and is 
stable over the entire range of output load current 
(0 mA to 250 mA). Intended for use in portable 
systems such as laptops and cellular phones, the 
low-dropout voltage feature and micropower 
operation result in a significant Increase in system 
battery operating life. 


D PACKAGE 
(TOP VIEW) 



PW PACKAGE 
(TOP VIEW) 



t SENSE - Fixed voltage options only 


(TPS7233, TPS7248, and TPS7250) 
tfB- Adjustable version only (TPS7201) 



0 50 100 150 200 250 

Iq - Output Current - mA 


Figure 1. Typical Dropout Voltage Versus 
Output Current 


This document contains information on products in more than one phase 
of development. The status of each device is indicated on the page(s) 
specifying its electrical characteristics. 
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AVAILABLE OPTIONS 



OUTPUT VOLTAGE 
(V) 

PACKAGED DEVICES 

CHIP FORM 

• J 

MIN 

TYP 

MAX 

SMALL OUTLINE 
(D) 

TSSOP/ 

(PWJ 

(Y) 


CD 

5 

5.1 

TPS7250QD 


TPS7250Y 


4.75 

4.85 

4.95 

TPS7248QD 


TPS7248Y 

-55°Cto150°C 

3.23 

3.3 

3.37 

TPS7233QD 


TPS7233Y 


Adjustable§ 

1.2 V to 9.75 V 

TPS7201QD 

TF^7201QPWLE 

TPS7201Y 


The D package is available taped and reeled. Add R suffix to device type (e.g., TPS7250QDR). The PW package 
is only available left-end taped and reeled. The TPS7201Q Is programmable using an external resistor divider (see 
application information). The chip form is tested at 25°C. 


description (continued) 


The TPS72XX also features a logic-enabled sleep mode to shut down the regulator, reducing quiescent current 
to 0.5 |iA maximum at Tj = 25°C. Other features include a power-good function that reports low output voltage 
and may be used to Implement a power-on reset or a low-battery Indicator. 

The TPS72XX is offered in 3.3-V, 4.85-V, and 5-V fixed-voltage versions and In an adjustable version 
(programmable over the range of 1.2 V to 9.75 V). Output voltage tolerance is specified as a maximum of 2% 
over line, load, and temperature ranges (3% for adjustable version). 


V| 



NOTEA. Capacitor selection is nontrivial. See application 
information section for details. 

Figure 2. Typical Application Configuration 
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TPS72XX chip information 

These chips, when properly assembled, display characteristics similar to the TPS72xxQ. Thermal compression 
or ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be mounted with 
conductive epoxy or a gold-silicon preform. 


BONDING PAD ASSIGNMENTS 




GND 


CHIP THICKNESS: 15 MILS TYPICAL 
BONDING PADS: 4 X 4 MILS MINIMUM 
Tjmax = 150°C 
TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

t Fixed-voltage options only (TPS7233, TPS7248, and 
TPS7250) 

t Adjustable version only (TPS7201) 

NOTE A. For most applications, OUT and SENSE should 
be tied together as close as possible to the device; 
for other implementations, refer to SENSE-pin 
connection discussion in the application 
information section of this data sheet. 


functional block diagram 



GND 


t For most applications, SENSE should be externally connected to OUT as close as possible to the device. For other implementations, refer 
to the SENSE-pin connection discussion in application information section, 
t Switch positions are shown with EN low (active). 
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absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)t 


Input voltage range*, V|, PG, SENSE, EN .. . ..-0.3 to 10 V 

Output current, \q ....... 1.5 A 

Continuous total power dissipation . See Dissipation Rating Tables 1 and 2 


Operating virtual junction temperature range, Tj .' — ... -55°C to 150°C 

Storage temperature range, Tgtg .... ■. -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 


functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 


implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
* All voltage values are with respect to network ground terminal. 


DISSIPATION RATING TABLE 1 - FREE-AIR TEMPERATURE (see Note 1 and Figure 3) 


PACKAGE 

Ta < 25°c 

DERATING FACTOR 

Ta = 70°C 

Ta = 85°C 

Ta = 125X 

POWER RATING 

ABOVE Ta = 25°C 

POWER RATING 

POWER RATING 

POWER RATING 

D 

725 mW 

5.8 mW/°C 

464 mW 

377 mW 

145 mW 

PW§ 

525 mW 

4.2 mW/°C 

336 mW 

273 mW 

105mW 


DISSIPATION RATING TABLE 2 - CASE TEMPERATURE (see Note 1 and Figure 4) 


PACKAGE 

Tc < 25°C 

DERATING FACTOR 

Tc = 70X 

Tc = 85°C 

Tc = 125X 

POWER RATING 

ABOVE Tc = 25°C 

POWER RATING 

POWER RATING 

POWER RATING 

D 

2063 mW 

16.5mW/°C 

1320 mW 

1073 mW 

413 mW 

PW§ 

2900 mW 

23.2 mW/°C 

1856 mW 

1508mW 

580 mW 


§ The PW package information is product preview only and is not yet available. 


NOTE 1: Dissipation rating tables and figures are provided for maintenance of junction temperature at or below absolute 
maximum of 150°C. For guidelines on maintaining junction temperature within the recommended operating range, 
see application information section. ^ 


MAXIMUM CONTINUOUS DISSIPATION 


vs 

FREE-AIR TEMPERATURE 



Ta - Free-Air Temperature - °C 

Figure 3 


MAXIMUM CONTINUOUS DISSIPATION 
vs 

CASE TEMPERATURE 



Tc - Case Temperature - °C 


Figure 4 
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recommended operating conditions 


[ - I 

MIN 

MAX 

UNIT 


TPS7201Q 

2.5 

10 


Input voltage, V|t 

TPS7233Q 

3.98 

10 


TPS7248Q 

5.24 

10 



TPS7250Q 

5.41 

10 


High-level input voltage at EN, V|h 


2 

V 

Low-level input voltage at EN, V|l 


0.5 

V 

Output current, Iq 


0 

250 

mA 

Operating virtual junction temperature, Tj 


-40 

125 

“C 


t Minimum input voltage defined in the recommended operating conditions is the maximum specified output voltage plus dropout voltage at the 
maximum specified load range. Since dropout voltage is a function of output current, the usable range can be extended for lighter loads. To 
calculate the minimum input voltage for the maximum load current used in a given application, use the following equation: 


^l(min) ^O(max) ^DO(max load) 

Because the TPS7201 is programmable, rDS(on) should be used to calculate Vdo before applying the above equation. The equation for 
calculating Vdq ''DS{on) 's given in Note 3 under the TPS7201 electrical characteristics table. The minimum value of 2.5 V is the absolute 
lower limit for the recommended input-voltage range for the TPS7201. 
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electrical characteristics, Iq = 10 mA, EN = 0 V, Cq = 4.7 }iF (CSRt = 1 Q), SENSE/FB shorted to OUT 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

Tj 

TPS7201Q, TPS7233Q 
TPS7248Q, TPS7250Q 

UNIT 




MIN 

TYP 

MAX 


Ground current (active mode) 

EN < 0.5 V, V| = Vo + 1 V, 

25°C 


180 

225 

pA 

0 mA < Iq ^ 250 mA 

-40°C to 125°C 

325 

Input current (standby mode) 

EN = V|, 2.7V<V|<10V 

25°C 

0.5 

pA 

-40°C to 125°C 

1 

Output current limit threshold 

< 

O 

11 

o 

< 

II 

o 

< 

25°C 


0.6 

1 

— 

-40°Cto125°C 

1.5 

■i 

Pass-element leakage current 

EN = V(, 2.7V<V|<10V 

25°C 

0.5 

pA 

in standby mode 

-40°C to 125°C 

1 

PG leakage current 

VpG = 10 V, Normal operation 

25°C 

0.5 

pA 

-40°C to 125°C 

0.5 

Output voltage temperature coefficient 


-40°C to 125°C 


31 

75 

ppm/°C 

Thermal shutdown junction temperature 



165 

°c 

EN logic high (standby mode) 

2.5V<V|<6 V 

-40°Cto125°C 

2 


6 V<Vi<10 V 

2.7 


EN logic low (active mode) 

2.7V<V|<10V 

25°C 

0.5 


-40°C to 125°C 

0.5 


EN hysteresis voltage 


25°C 

50 

mV 

EN input current 

0V<V|<10 V 

25°C 

-0.5 


0.5 

pA 

-40°C to 125°C 

-0.5 


0.5 

Minimum V| for active pass element 


25°C 


1.9 

2.5 



-40°C to 125°C 

2.5 

V 

Minimum V| for valid PG 

IPG = 300 

25°C 


0.95 

1.5 


-40°Cto125°C 

1.9 

V 


t CSR(compensation series resistance) refers to the total series resistance, including the equivalent series resistance (ESR) of the capacitor, any 
series resistance added externally, and PWB trace resistance to Cq. 

t Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 
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TPS7201Q electrical characteristics, Iq = 10 mA, V| = 3.5 V, EN = 0 V, Cq = 4.7 (CSRt = 1 Q), FB 
shorted to OUT at device leads (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

Tj 

TPS7201Q 

MIN TYP MAX 

UNIT 

Reference voltage (measured at 
FB with OUT connected to FB) 

Vi = 3.5V, IO=10mA 

25°C 

1.188 

V 

2.5V<V|<10V, 5 mA < Iq < 250 mA, 

See Note 2 

-40“Cto 125°C 

1.152 1.224 

V 

Reference voltage temperature 
coefficient 


-40°C to 125°C 

31 75 

ppm/®C 

Pass-element series resistance 
(see Note 3) 

V| = 2.4V, 50 jxA<lo^ 100 mA 

25°C 

2.1 4.2 

Q 

-40°Cto 125”C 

4.8 

V| = 2.4 V, 100 mA < Iq < 200 mA 

25°C 

2.9 4.4 

-40^Cto 125°C 

4.6 

V| = 2.9 V, 50 |liA < Iq < 250 mA 

25°C 


-40°C to 125°C 

4.5 

V| = 3.9 V, 50 pA < Iq < 250 mA 

25°C 

1 

V| = 5.9 V, 50 pA < Iq < 250 mA 

25°C 

0.8 

Input regulation 

V| = 2.5 Vto 10 V, 50 pA < Iq < 250 mA, 

See Note 2 

25°C 

23 

mV 

-40'^Cto125°C 

36 

Output regulation 

lO = 5 mA to 250 mA, 2.5V<V|<10V, 

See Note 2 

25°C 

15 25 

mV 

-40°Cto 125X 

36 

Iq ^ 50 pA to 250 mA, 2.5 V < V| < 10 V, 

See Note 2 

25°C 

17 27 

-40°C to 125°C 

43 

Ripple rejection 

f=120H2 

Iq = 50 pA 

25‘^C 

49 60 

dB 

-40°Cto125°C 

32 

Iq = 250 mA, 
See Note 2 

25°C 

45 50 

-40°C to 125°C 

30 

Output noise spectral density 

f=120Hz 

25“C 

2 

pV/VHz 

Output noise voltage 

10Hz<f<100kH2, 

CSRt = 1 a 

Co = 4.7 pF 

25°C 

235 

pVrms 

Co = 10pF 

25°C 

190 

Co = 100 pF 

25°C 

125 

PG trip-threshold voltage§ 

VpB vbitage decreasing from above VpQ 

-40°C to 125°C 

0.95 X 
VFB(nom) 

V 

PG hysteresis voltage§ 

Measured at VpB 

25°C 

12 

mV 

PG output low voltage§ 

lpG = 400pA, V| = 2.13 V 

25°C 

0.1 0.4 

V 

-40X to 125°C 

0.4 

FB input current 


25°C 

1 

o 

p 

o 

nA 

-40°C to 125°C 

o 

CM 

O 

C\J 

1 


t CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance 
to Co- 

t Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 

§ Output voltage programmed to 2.5 V with closed-loop configuration (see application information). 

NOTES; 2. When V| < 2.9 V and Iq > 100 mA simultaneously, pass element rDS(on) increases (see Figure 10) to a point such that the resulting 
dropout voltage prevents the regulator from maintaining the specified tolerance range. 

3. To calculate dropout voltage, use equation: 

Vdo = IO* ''DS(on) 

rDS(on) 's a function of both output current and input voltage. The parametric table lists rDS(on) ^or V| = 2.4 V, 2.9 V, 3.9 V, and 
5.9 V, which corresponds to dropout conditions for programmed output voltages of 2.5 V, 3 V, 4 V, and 6 V, respectively. For other 
programmed values, refer to Figures 10 and 11. 
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TPS7233Q electrical characteristics, Iq = 10 mA, V|=4.3 V, EN =0 V, Cq = 4.7 (CSRt = 1 Q), SENSE 

shorted to OUT (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

Tj 

TPS7233Q 

MIN TYP MAX 

UNIT 

Output voltage 

V| = 4.3V, IO = 10mA 

25°C 

3.3 

V 

4.3V<V|<10V, 5mA<lo<250mA 

-40°Cto125°C 

3.23 3.37 

Dropout voltage 

IO = 10mA, V| = 3.23 V 

25°C 

o 

(M 

mV 

-40°C to125°C 

30 

l 0 = 100 mA, V| = 3.23 V 

25X 

140 180 

-40°C to 125°C 

232 

l 0 = 250 mA, V| = 3.23 V 

25°C 

360 460 

-40°C to 125°C 

610 

Pass-element series resistance 

(3.23V-Vo)/lo. Vi = 3.23 V, 

Iq = 250 mA 

25X 

1.5 1.84 

Q 

-40°C to 125°C 

2.5 

input regulation 

V| = 4.3 Vto 10 V, 50 pA < Iq < 250 mA 

25°C 

8 25 

mV 

-40°C to 125°C 

33 

Output regulation 

Iq = 5 mA to 250 mA, 4.3V<V|<10V 

25°C 

32 42 

mV 

-40°C to 125°C 

71 

Iq = 50 pA to 250 mA, 4.3 V < V| < 10 V 

25°C 

41 55 

-40°C to 125°C 

98 

Ripple rejection 

f = 120 Hz 

Iq = 50 pA 

25°C 

40 52 

dB 

-40°C to 125°C 

38 

Iq = 250 mA 

25°C 

35 44 

-40°C to 125°C 

33 

Output noise spectral density 

f= 120 Hz 

25°C 

2 

pV/^Hz 

Output noise voltage 

10Hz<f<100 kHz, 
CSRt = 1 Cl 

Co = 4.7 pF 

25°C 

265 

pVrms 

Co = lOpF 

25°C 

212 

Co = 100 pF 

25°C 

135 

PG trip-threshold voltage 

Vq voltage decreasing from above VpQ 

-40°C to 125°C 

0.95 X 

Vo{nom) 

V 

PG hysteresis voltage 


25°C 

32 

mV 

PG output low voltage 

lpG = 1mA, V| = 2.8V 

25°C 

-40°Cto125°C 

0.22 0.4 

0.4 

V 

1_ 


t CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance 
to Co- 

^ Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 


Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


3-192 










































































































TPS7201Q, TPS7233Q, TPS7248Q, TPS7250Q 
TPS7201Y, TPS7233Y, TPS7248Y, TPS7250Y 
MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS 

SLVS102C - MARCH 1995 - REVISED AUGUST 1995 


TPS7248Q electrical characteristics, Iq 10 m A, V|=5.85 V, EN=0 V, Cq= 4.7 |xF (CSRt=1 n), SENSE 
shorted to OUT (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS^ 

Tj 

TPS7248Q 

UNIT 

MIN TYP MAX 

Output voltage 

Vj = 5.85 V, iQ = 10 mA 

25°C 

4.85 

V 

5.85 V^V|^ 10 V, 5mA<lo^250mA 

-40°C to 125°C 

4.75 4.95 

Dropout voltage 

IO = 10mA, V| = 4.75 V 

25°C 

10 19 

mV 

-40‘‘C to 125°C 

30 

l0= 100 mA, V| = 4.75 V 

25®C 

90 100 

-40°C to 125^C 

150 

!0 = 250 mA, V| = 4.75 V 

25'’C 

216 250 

-40‘’C to 125°C 

285 

Pass-element series resistance 

(4.75 V - Vo)/lo> V| = 4.75 V, 

Iq = 250 mA 

25°C 

0.8 1 

D 

-40°Cto125°C 

1.4 

Input regulation 

V| = 5.85 V to 10 V, 50 pA ^ Iq < 250 mA 

25°C 

34 

mV 

-40°Cto125°C 

50 

Output regulation 

Iq = 5 mA to 250 mA, 5.85 V<V|< 10 V 

25°C 

43 55 

mV 

-40Xto125‘^C 

95 

IO = 50pAto250mA, 5.85V<V|<10V 

25°C 

55 75 

-40°Cto125°C 

135 

Ripple rejection 

f=120Hz 

Iq = 50 pA 

25°C 

42 53 

dB 

-40X to 125°C 

36 

Iq = 250 mA 

25‘’C 

36 46 

-40°C to 125°C 

34 

Output noise spectral density 

f = 120Hz 

25°C 

2 

pV/VHz 

Output noise voltage 

10 Hz<f< 100kHz, 
CSRt 1 a 

Co = 4.7 pF 

25°C 

370 

pVrms 

u. 

=L 

O 

II 

O 

o 

25°C 

290 

Co = 100pF 

25°C 

168 

PG trip-threshold voltage 

Vq voltage decreasing from above VpQ 

-40°C to 125°C 


V 

PG hysteresis voltage 


25°C 

50 

mV 

PG output low voltage 

lpG = 1.2 mA, V| = 4.12 V 

25°C 

0.2 0.4 

V 

-40°C to 125°C 

0.4 


t CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance 

toCo- 

t Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 
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TPS7250Q electrical characteristics, Iq = 10 mA, V| = 6 V, EN = 0 V, Cq = 4.7 (CSRt = 1 Q), SENSE 
shorted to OUT (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

Tj 

TPS7250Q 

UNIT 

MIN TYP MAX 

Output voltage 

V|=:6V, IO = 10mA 

25°C 

5 

V 

6VSV|<10V, 5mA<lo<250mA 

-40°C to 125°C 

4.9 5.1 

Dropout voltage 

IO = 10mA, V| = 4.88 V 

25°C 

8 12 

mV 

-40°C to 125°C 

30 

l0 = 100 mA, V| = 4.88 V 

25®C 

76 85 

-40°C to ^25°C 

136 

lO = 250 pA, . V| = 4.88 V 

25°C 

190 206 

-40°C to 125‘’C 

312 

Pass-element series resistance 

(4.88 V-Vo)/lo. V|= 4.88 V, 

Iq = 250 mA 

25°C 

0.76 0.825 

a 

-40°Cto125°C 

1.25 

Input regulation 

V| = 6Vto10V, 50 pA < Iq <250 mA 

25°C 

28 

mV 

-40°C to125°C 

35 

Output regulation 

Iq = 5 mA to 250 mA, 6V<V|<10V 

25°C 

46 61 

mV 

-40°C to 125°C 

100 

Iq = 50 pA to 250 mA, 6 V < Vi < 10 V 

25°C 

59 79 

-40°Cto125°C 

150 

Ripple rejection 

f=120Hz 

Iq = 50 pA 

25°C 

41 52 

dB 

-40°Cto125°C 

37 

Iq = 250 mA 

25°C 

36 46 

-40°C to 125°C 

32 

Output noise spectral density 

f = 120Hz 

25°C 

2 

pV/VHz 

Output noise voltage 

10Hz<f<100 kHz, 
CSRt = 1 Q 

Co = 4.7pF 

25°C 

390 

pVrms 

u. 

zL 

O 

O 

O 

25°C 

300 

Co = 100 pF 

25°C 

175 

PG trip-threshold voltage 

Vq voltage decreasing from above VpQ 

-40°Cto125°C 


V 

PG hysteresis voltage 


25°C 

50 

mV 

PG output low voltage 

lpG = 1.2 mA, V| = 4.25 V 

25°C 

0.19 0.4 

V 

-40°C to 125°C 

0.4 


t CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance 
to Co- 

t Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 
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TPS7201Q, TPS7233Q, TPS7248Q, TPS7250Q 
TPS7201Y, TPS7233Y, TPS7248Y, TPS7250Y 
MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS 

_SLVS102C-MARCH 1995-REVISED AUGUST 1995 


electrical characteristics, Iq = 10 mA, EN = 0 V, Cq = 4.7 (CSRt = 1 Q), Tj = 25°C, SENSE/FB 
shorted to OUT (unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

TPS7201Y, TPS7233Y 
TPS7248Y, TPS7250Y 

UNIT 



MIN TYP MAX 


Ground current (active mode) 

^ < 0.5 V, V| = Vo + 1 V, 

0 mA < Iq ^ 250 mA 

180 

pA 

Output current limit threshold 

Vo = 0V, V| = 10V 

0.6 

A 

Thermal shutdown junction temperature 


165 


EN hysteresis voltage 


50 

mV 

Minimum V| for active pass element 


1.9 

V 

Minimum V| for valid PG 

IpG = 300 fxA 

0.95 

V 


t CSR(compensation series resistance) refers to the total series resistance, including the equivalent series resistance (ESR) of the capacitor, any 
series resistance added externally, and PWB trace resistance to Cq. 

t Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 
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TPS7201Y, TPS7233Y, TPS7248Y, TPS7250Y 

MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS 

SLVS102C-MARCH 1995-REVISED AUGUST 1995 _ __ 


electrical characteristics, Iq = ‘*0 mA, EN = 0 V, Cq = 4.7 |iF (CSRt s= 1 Q), Tj = 25'^C, FB shorted to 
OUT at device leads (unless otherwise noted) 


PARAMETER 


TPS7201Y 

UNIT 

1 1 


MIN TYP MAX 

Reference voltage (measured at FB with OUT 
connected to FB) 

V| = 3.5 V, 

IO = 10mA 

1.188 

V 


V| = 2.4 V, 

50 pA < Iq ^ 100 mA 

2.1 



Vi = 2.4 V, 

100 mA ^ Iq ^ 200 mA 

2.9 


Pass-element series resistance (see Note 3) 

V| = 2.9 V, 

50 pA < Iq ^ 250 mA 

1.6 

Q 


V| = 3.9 V, 

50 pA < Iq 250 mA 

1 



V| = 5.9V, 

50 pA < Iq ^ 250 mA 

0.8 


Output regulation 

2.5V<V|<10V, 

See Note 2 

Iq = 5 mA to 250 mA, 

15 


2.5V<V|<10V, 

See Note 2 

•O = 50 pA to 250 mA, 

17 



V| = 3.5 V, 
f=120 Hz 

Iq = 50 pA 

60 


Ripple rejection 

Iq = 250 mA, 

See Note 2 

50 

dB 

Output noise spectral density 

V| = 3.5 V, 

f = 120Hz 

2 

pV/VRz 


V| = 3.5 V, 
10Hz<f<100 kHz, 
CSRt = 1 Q 

Co = 4.7 pF 

235 


Output noise voltage 

Co = 10pF 

190 

pVrms 


Co = 100pF 

125 


PG hysteibsis voltage§ 

V| = 3.5V, 

Measured at VpB 

12 

mV 

PG output low voltage§ 

V| = 2.13 V, 

IpG = 400 pA 

0.1 

V 

FB Input current 

V| = 3.5 V 

0.1 

nA 


t CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance 
to Cq. 

t Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 

§ Output voltage programmed to 2.5 V with closed-loop configuration (see application Information). 

NOTES: 2 When V| < 2.9 V and Iq > 100 mA simultaneously, pass element rDS(on) increases (see Figure 10) to a point such that the resulting 
dropout voltage prevents the regulator from maintaining the specified tolerance range. 

3 To calculate dropout voltage, use equation: 

VdO = Io- rDS(on) 

rDS(on) 's a function of both output current and input voltage. The parametric table lists rDS(on) V| = 2.4 V, 2.9 V, 3.9 V, and 
5.9 V, which corresponds to dropout conditions for programmed output voltages of 2.5 V, 3 V, 4 V, and 6 V, respectively. For other 
programmed values, refer to Figures 10 and 11. 
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TPS7201Q, TPS7233Q, TPS7248Q, TPS7250Q 
TPS7201Y, TPS7233Y, TPS7248Y, TPS7250Y 
MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS 

SLVS102C - MARCH 1995 - REVISED AUGUST 1995 


electrical characteristics, Iq = 10 mA, EN = 0 V, C© = 4.7 ixF (CSRt = 1 O), Tj = 25°C, SENSE shorted 
to OUT (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

TPS7233Y 

UNIT 

MIN TYP MAX 

Output voltage 

V| = 4.3 V, 

Iq = 10 mA 

3.3 

V 


V| = 3.23 V, 

Iq = 10 mA 

14 


Dropout voltage 

V| = 3.23 V, 

Iq = 100 mA 

140 

mV 


V| = 3.23 V, 

Iq = 250 mA 

360 


Pass-element series resistance 

(3.23V-Vo)/lo. 

Iq = 250 mA 

V| = 3.23 V, 

1.5 

Q. 

Input regulation 

V| = 4.3 V to 10 V, 

50 pA < Iq ^ 250 mA 

8 

mV 

Output regulation 

4.3V<V|<10V, 

Iq = 5 mA to 250 mA 

32 

mV 

4.3V<V|<10V, 

Iq = 50 pA to 250 mA 

41 

Ripple rejection 

V| = 4.3V, 

Iq = 50 pA 

52 

dB 

f= 120 Hz 

Iq = 250 mA 

44 

Output noise spectral density 

V| = 4.3 V, 

f=120 Hz 

2 

pV/VHz 


V| = 4.3 V, 

Co = 4.7pF 

265 


Output noise voltage 

10 Hz <f <100 kHz, 

Co = 10pF 

212 

pVrms 


CSRt = 1 a 

Li_ 

:± 

O 

O 

II 

O 

o 

135 


PG hysteresis voltage 

V| = 4.3 V 

32 

mV 

PG output low voltage 

1 V| = 2.8V, 

IpG = 1 mA 

0.22 

V 


t CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PVVB trace resistance 
to Co- 

t Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 


PARAMETER 

TEST CONDITIONS* ‘ 

TPS7248Y 

UNIT 

MIN TYP MAX 

Output voltage 

V| = 5.85 V, 

Iq = 10 mA 

4.85 

V 


V| = 4.75 V, 

Iq = 10 mA 

10 


Dropout voltage 

V| = 4.75 V, 

Iq = 100 mA 

90 

mV 


V| = 4.75 V, 

Iq = 250 mA 

216 


Pass-element series resistance 

(4.75V-Vo)/IO. 

Iq = 250 mA 

V| = 4.75 V, 

0.8 

Q 

Output regulation 

5.85 V<V|< 10 V 

Iq = 5 mA to 250 mA 

43 

mV 

5.85 V<V|< 10 V 

Iq = 50 pA to 250 mA 

55 

Ripple rejection 

V| = 5.85 V, 

Iq = 50 pA 

53 

dB 

f= 120 Hz 

Iq = 250 mA 

46 

Output noise spectral density 

Vi = 5.85 V, 

f=120 Hz 

2 

pV/VRz 


V| = 5.85 V, 

Co = 4.7 pF 

370 


Output noise voltage 

10Hz<f<100 kHz, 

Co = 10pF 

290 

pVrms 


CSRt = 1 Q 

Co = 100 pF 

168 


PG hysteresis voltage 

Vi = 5.85 V 


50 

mV 

PG output low voltage 

Vi = 4.12 V, 

IpG = 1.2 mA 

0.2 

V 


t CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance 
to Co- 

t Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 
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TPS7201Q, TPS7233Q, TPS7248Q, TPS7250Q 

TPS7201Y, TPS7233Y, TPS7248Y, TPS7250Y 

MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS 

SLVS102C -MARCH 1995-REVISED AUGUST 1995_ 


electrical characteristics, Iq = 10 mA, EN = 0 V, Cq = 4.7 nF (CSRt = 1 a), Tj = 25°C, SENSE shorted 
to OUT (unless otherwise noted) (continued) 


PARAMETER 

TEST CONDITIONS* 

TPS7250Q 

UNIT 

MIN TYP MAX 

Output voltage 

V| = 6V, IO=10mA 

5 

V 

Dropout voltage 

V| = 4.88 V, IO = 10mA 

8 

mV 

V| = 4.88 V, l 0 = 100 mA 

76 

V| = 4.88 V, IO = 250hA 

190 

Pass-element series resistance 

(4.88 V - Vo)/IO. V| = 4.88 V, 

Iq = 250 mA 

0.76 

Q, 

Input regulation 

V| = 6Vto10V, 50 pA< Iq^ 250 mA 


mV 

Output regulation 

6V<V|<10V, Iq = 5 mA to 250 mA 

46 

mV 

6 V < V| < 10 V, Iq = 50 pA to 250 mA 

59 

Ripple rejection 

V| = 6 V, 
f = 120 Hz 

lO = 50 |i,A 

52 

dB 

Iq = 250 mA 

46 

Output noise spectral density 

V| = 6V, f = 120Hz 

2 

^iV/VFE 

Output noise voltage 

V| = 6 V, 

10Hz<f<100 kHz, 
CSRt = 1 Q 

Co = 4.7 pF 

390 

pVrms 

Co = 10pF 

300 

O 

O 

II. 

8 

175 

PG hysteresis voltage 

< 

II 

05 

< 

50 

mV 

PG output low voltage 

V| = 4.25 V, lpG = 1.2 mA 

0.19 

V 


t CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance 
to Cq. 

t Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 
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TPS7201Q, TPS7233Q, TPS7248Q, TPS7250Q 
TPS7201Y, TPS7233Y, TPS7248Y, TPS7250Y 
MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS 

SLVS102C - MARCH 1995 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTICS 
Table of Graphs 


I_ I 

FIGURE 

Iq Quiescent current 

vs Output current 

5 

vs Input voltage 

6 

Alqt Change in quiescent current 

vs Free-air temperature 

7 

Vdo Dropout voltage 

vs Output current 

8 

AVdo Change In dropout voltage 

vs Free-air temperature 

9 

Vdo Dropout voltage (TPS7201 only) 

vs Output current 

10 

'"DSfon) Pass-element series resistance 

vs Input voltage 

11 

AVq Change in output voltage 

vs Free-air temperature 

12 

Vq Output voltage 

vs Input voltage 

13 

Line regulation 


14 

Load regulation (TPS7233) 


15 

Load regulation (TPS7248) 


16 

Load regulation (TPS7250) 


17 

Vo(PG) Power-good (PG) voltage 

vs Output voltage 

18 

rDS(on)PG Power-good (PG) on-resistance 

vs Input voltage 

19 

V| Minimum input voltage for valid PG 

vs Free-air temperature 

20 

Output voltage response from enable (EN) 


21 

Load transient response (TPS7201/TPS7233) 


22 

Load transient response (TPS7248/TPS7250) 


23 

Line transient response (TPS7201) 


24 

Line transient response (TPS7233) 


25 

Line transient response (TPS7248/TPS7250) 


26 

Ripple rejection 

vs Frequency 

27 

Output Spectral Noise Density 

vs Frequency 

28 

Compensation series resistance (CSR) 

vs Output current (Cq = 4.7 pF) 

29 

vs Added ceramic capacitance (Cq = 4.7 pF) 

30 

vs Output current (Cq = 10 pF) 

31 

vs Added ceramic capacitance (Cq = 10 pF) 

32 


tlhis symbol is not currently listed within EIA or JEDEC standards for semiconductor symbology. 
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TPS7201Q, TPS7233Q, TPS7248Q, TPS7250Q 

TPS7201Y, TPS7233Y, TPS7248Y, TPS7250Y 

MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS 

SLVS102C - MARCH 1995- REVISED AUGUST 1995 

TYPICAL CHARACTERISTICS 


QUIESCENT CURRENT QUIESCENT CURRENT 



Iq - Output Current - mA V| - Input Voltage - V 

Figure 5 Figure 6 


CHANGE IN QUIESCENT CURRENT DROPOUT VOLTAGE 



Ta - Free-AIr Temperature - °C ,q _ output Current - mA 

Figure 7 Figure 8 
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TYPrCAL CHARACTERISTICS 


CHANGE IN DROPOUT VOLTAGE 


vs 



-40 -20 0 20 40 60 80 100 120 140 

Ta - Free-Air Temperature - °C 

Figure 9 



PASS ELEMENT SERIES RESISTANCE 


vs 



23456789 10 

V| - Input Voltage - V 


Figure 11 


TPS7201 

DROPOUT VOLTAGE 


> 

I 


3 

& 

O 

Q 

I 

O 

o 

> 



Iq - Output Current - mA 

Figure 10 


> 

E 

I 

o> 

S 


a. 

3 

O 


o 

I 


CHANGE IN OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

15 

10 

5 
0 

-5 

-10 

-15 
-20 
-25 

-40 -20 0 20 40 60 80 100 120 140 



Ta ~ Free-Air Temperature - °C 

Figure 12 
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TYPICAL CHARACTERISTICS 


OUTPUT VOLTAGE 


vs 



V| - Input Voltage - V 


Figure 13 


TPS7233 

LOAD REGULATION 



0 50 100 150 200 250 

Iq - Output Current - mA 

Figure 15 


LiNE REGULATION 



TPS7248 

LOAD REGULATION 



0 50 100 150 200 250 

Iq ~ Output Current - mA 


Figure 16 
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TYPICAL CHARACTERISTICS 


TPS7250 

LOAD REGULATION 



0 50 100 150 200 250 

Iq - Output Current - mA 

Figure 17 


POWER-GOOD (PG) VOLTAGE 
vs 

OUTPUT VOLTAGEt 


V| 


> 

I 


o 

Q. 


$ 

O 

Q. 

I 

S GND 

O 

> 


Ta = 25°C 

PG Pulled Up to V| With 5 ka Resistor 


92 93 94 95 96 

Vq - Output Voltage - % 

t Vq as a percent of Vonom. 

Figure 18 


97 


98 


POWER-GOOD (PG) ON-RESISTANCE 
vs 



1 1.5 2 2.5 3 3.5 4 4.5 5 

V| - Input Voltage - V 


Figure 19 


MINIMUM INPUT VOLTAGE FOR VALID PG 


vs 



-40 -20 0 20 40 60 80 100 120 140 

Ta - Free-Air Temperature - °C 


Figure 20 
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MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS 
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TYPICAL CHARACTERISTICS 

TPS7248/TPS7250 



0 100 200 300 400 500 


t ~ Time - \is 

Figure 23 


TPS7201 WITH Vo PROGRAMMED TO 2.5 V 

I IMC TDAKIOICKIT DCODriKIOC 



t-TIme-^s 


Figure 24 
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TYPICAL CHARACTERISTICS 

RIPPLE REJECTION 


vs 



10 100 IK 10 K 100 K 1M 10 M 

f - Frequency - Hz 

Figure 27 

OUTPUT SPECTRAL NOISE DENSITY 


vs 



10 100 Ik 10 k 100 k 


f - Frequency - Hz 


Figure 28 
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TYPICAL CHARACTERISTICS 


TYPICAL REGIONS OF STABILITY 
COMPENSATION SERIES RESISTANCE (CSR)t 
vs 



0 50 100 150 200 250 

Iq - Output Current - mA 

Figure 29 

TYPICAL REGIONS OF STABILITY 
COMPENSATION SERIES RESISTANCE (CSR)t 
vs 



50 100 150 200 250 

Iq “ Output Current - mA 

Figure 31 


TYPICAL REGIONS OF STABILITY 
COMPENSATION SERIES RESISTANCE (CSR)t 
vs 

ADDED CERAMIC CAPACITANCE 
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Added Ceramic Capacitance - |iF 

Figure 30 

TYPICAL REGIONS OF STABILITY 
COMPENSATION SERIES RESISTANCE (CSR)t 
vs 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

Added Ceramic Capacitance - ^F 

Figure 32 


t CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance 
to Cq. 
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APPLICATION INFORMATION 

The design of the TPS72xx family of low-dropout (LDO) regulators is based on the higher-current TPS71xx 
family. These new families of regulators have been optimized for use in battery-operated equipment and feature 
extremely low dropout voltages, low supply currents that remain constant over the full-output-current range of 
the device, and an enable input to reduce supply currents to less than 0.5 when the regulator is turned off. 

device operation 

The TPS72XX uses a PMOS pass element to dramatically reduce both dropout voltage and supply current over 
more conventional PNP-pass-element LDO designs. The PMOS transistor is a voltage-controlled device and, 
unlike a PNP transistor, does not require increased drive current as output current increases. Supply current 
in the TPS72xx is essentially constant from no-load to maximum. 

Current limiting and thermal protection prevent damage by excessive output current and/or power dissipation. 
The device switches into a constant-current mode at approximately 1 A; further load increases reduce the output 
voltage instead of Increasing the output current. The thermal protection shuts the regulator off if the junction 
temperature rises above 165°C. Recovery is automatic when the junction temperature drops approximately 5°C 
below the high temperature trip point. The PMOS pass element includes a back diode that safely conducts 
reverse current when the input voltage level drops below the output voltage level. 

A logic high on the enable input, EN, shuts off the output and reduces the supply current to less than 0.5 |j,A. 
EN should be grounded in applications where the shutdown feature is not used. 

Power good (PG) is an open-drain output signal used to indicate output-voltage status. A comparator circuit 
continuously monitors the output voltage. When the output drops to approximately 95% of its nominal regulated 
value, the comparator turns on and pulls PG low. 

A typical application circuit is shown In Figure 33. 


Vi 



Figure 33. Typical Application Circuit 
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APPLICATION INFORMATION 

external capacitor requirements 

Although not required, a 0.047-^F to 0.1 -|j,F ceramic bypass input capacitor, connected between IN and GND 
and located close to the TPS72xx, is recommended to improve transient response and noise rejection. A 
higher-value electrolytic input capacitor may be necessary if large, fast-rise-time load transients are anticipated 
and the device is located several Inches from the power source. 

An output capacitor is required to stabilize the Internal feedback loop. For most applications, a 10-|xF to 15-pF 
solid-tantalum capacitor with a 0.5-^2 resistor (see capacitor selection table) in series is sufficient. The maximum 
capacitor ESR should be limited to 1.312 to allow for ESR doubling at cold temperatures. Figure 34 shows the 
transient response of a 5-mA to 85-mA load using a 10-pF output capacitor with a total ESR of 1.712. 

A 4.7-pF solid-tantalum capacitor in series with a 1-12 resistor may also be used (see Figures 29 and 30) 
provided the ESR of the capacitor does not exceed 1 Q at room temperature and 2 12 over the full operating 
temperature range. 


Vo 


iO = 85 mA 


Iq = 5 mA 


Chi 50 mV Ch2 50 mA lOO^s/div 

Figure 34. Load Transient Response (ESR totai = 1.7 12 ), TPS7248Q 

A partial listing of surface-mount capacitors usable with the TPS72xx family is provided below. This information 
(along with the stability graphs. Figures 29 through 32) Is included to assist the designer In selecting suitable 
capacitors. 

CAPACITOR SELECTION 

PART NO. MFR. VALUE MAX ESRt SIZE(HxLxW)t 

592D156X0020R2T Sprague 15pF, 20 V 1.1 1.2 x 7.2x6 

595D156X0025C2T Sprague 15 pF, 25 V 1 2.5 x 7.1 x 3.2 

595D106X0025C2T Sprague 10pF,25V 1.2 2.5 x 7.1 x 3.2 

695D106X0035G2T Sprague lOpF, 35 V 1.3 2.5 x 7.6 x 2.5 

t Size is in mm. ESR is maximum resistance in ohms at 100 kHz and = 25°C. Listings are sorted by height. 
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TPS7201Q, TPS7233Q, TPS7248Q, TPS7250Q 
TPS7201Y, TPS7233Y, TPS7248Y, TPS7250Y 


MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS 

SLVS102C - MARCH 1995 - REVISED AUGUST 1995 


APPLICATION INFORMATION 


sense-pin connection 

SENSE must be connected to OUT for proper operation of the regulator. Normally this connection should be 
as short as possible; however, remote sense may be implemented In critical applications when proper care of 
the circuit path is exercised. SENSE Internally connects to a high-impedance wide-bandwidth amplifier through 
a resistor-divider network, and any noise pickup on the PCB trace will feed through to the regulator output. 
SENSE must be routed to minimize noise pickup. Filtering SENSE using an RC network is not recommended 
because of the possibility of inducing regulator instability. 


output voltage programming 

The output voltage of the TPS7201 adjustable regulator is programmed using an external resistor divider as 
shown in Figure 35. The output voltage is calculated using: 



where 

Vref = 1.188 V typ (the internal reference voltage) 

Resistors R1 and R2 should be chosen for approximately 7-pA divider current. Lower value resistors can be 
used but offer no inherent advantage and waste more power. Higher values should be avoided as leakage 
currents at FB increase the output voltage error. The recommended design procedure is to choose 
R2 = 169 kQ to set the divider current at 7 pA and then calculate R1 using: 



OUTPUT VOLTAGE 
PROGRAMMING GUIDE 


OUTPUT 

VOLTAGE 

(V) 

DIVIDER RESISTANCE 
(ka)t 

R1 

R2 

2.5 

191 

169 

3.3 

309 

169 

3.6 

348 

169 

4 

402 

169 

5 

549 

169 

6.4 

750 

169 


11% values shown. 


V| 



Figure 35. TPS7201 Adjustable LDO Regulator Programming 
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TPS7201Q, TPS7233Q, TPS7248Q, TPS7250Q 

TPS7201Y, TPS7233Y, TPS7248Y, TPS7250Y 

MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS 

SLVS102C -MARCH 1995 - REVISED AUGUST 1995 


APPLICATION INFORMATION 
power dissipation and junction temperature 

Specified regulator operation is assured to a junction temperature of 125°C; the maximum junction temperature 
allowable to avoid damaging the device Is 150°C. These restrictions limit the power dissipation that the regulator 
can handle in any given application. To ensure the junction temperature Is within acceptable limits, calculate the 
maximum allowable dissipation, PD(max)» ^^e actual dissipation, Pq, which must be less than or equal to 
PD(max)- 

The maximum-power-dissipatlon limit Is determined using the following equation: 

T ,max - T - 

^D{max) = 

Where 


Tjmax is the maximum allowable junction temperature, i.e.,150°C absolute maximum and 125°C 
recommended operating temperature. 

Rgja is the thermal resistance junction-to-ambient for the package, i.e., 172°C/W for the 8-terminal 
SOIC and 238°C/W for the 8-terminal TSSOP. 

Ta is the ambient temperature. 

The regulator dissipation is calculated using: 



Power dissipation resulting from quiescent current is negligible. 
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 

SLVS124A-JUNE 1995- REVISED SEPTEMBER 1995 


Available in 3.3-V, 4.85>V, and 5-V 
Fixed’Output and Adjustable Versions 
Integrated Precision Supply-Voltage 
Supervisor Monitoring Regulator Output 
Voltage 

Active-Low Reset Signal with 200-ms Pulse 
Width 


• Very Low Dropout Voltage ... Maximum of 
35 mV at Iq = 100 mA (TPS7350) 

• Low Quiescent Current - Independent of 
Load ... 340 ^A Typ 

• Extremely Low Sleep-State Current, 

0.5 ^A Max 

• 2% Tolerance Over Full Range of Load, 
Line, and Temperature for Fixed-Output 
Versions 


• Output Current Range of 0 mA to 250 mA 

• TSSOP Package Option Offers Reduced 
Component Height For Critical Applications 


description 


The TPS73XX devices are members of a family 
of micropower low-dropout (LDO) voltage 
regulators. They are differentiated from the 
TPS71XX and TPS72xx LDOs by their integrated 
delayed microprocessor-reset function. If the 
precision delayed reset is not required, the 
designer should consider the TPS71xx and 
TPS72xx.t 


AVAILABLE OPTIONS 


GND 

EN 

IN 

IN 


GND 

EN 

IN 

IN 


GND 

GND 

GND 

NC 

NC 

EN 

NC 

IN 

IN 

IN 


D PACKAGE 
(TOP VIEW) 


] RESET 
] SENSEt/FBt 
]OUT 
]OUT 


P PACKAGE 
(TOP VIEWji 


] RESET 
] SENSEt/FBt 
]OUT 
]OUT 


PW PACKAGE 
(TOP VIEW) 


] RESET 
JNC 
JNC 
] FBt 
] NC 

] SENSEt 
]OUT 
]OUT 
] NC 
] NC 


1 

20 

2 

19 

3 

18 

4 

S' 

5 


6 / 



14 

a 

13 


12 

10 

11 



1 

8 

[ 2 

7 

[ 3 

6 

[ 4 

5 


NC - No internal connection 
t SENSE - Fixed voltage options only 
(TPS7333, TPS7348, and TPS7350) 

+ FB - Adjustable version only (TPS7301) 


Tj 

OUTPUT VOLTAGE 
(V) 

NEGATIVE-GOING 
RESET THRESHOLD 
VOLTAGE 
(V) 

PACKAGED DEVICES 

CHIP FORM 
(Y) 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

SMALL OUT¬ 
LINE 
(D) 

PLASTIC DIP 

(P) 

TSSOP 

(PW) 


4.9 

5 

5.1 

4.55 

4.65 

4.75 

TPS7350QD 

TPS735pO^. 

TPS7350C;^W1,E 

TPS7350Y 


4.75 

4.85 

4.95 

4.5 

4.6 

■a 

TPS7348QD 


TPS73f(^^'E 

TPS7348Y 

— 4U o to 

125X 

3.23 

3.3 

3.37 



3 

TPS7333QD 


TP^^3^(^WLE 

TPS7333Y 


Adjustable 

1.2 V to 9.75 V 

1.101 

1.123 

1.145 

TPS7301QD 

1^^7301 QP 


TPS7301Y 


The D package Is available taped and reeled. Add R suffix to device type (e.g., TPS7350QDR). The PW package is only available left-end taped 
and reeled. The TPS7301Q is programmable using an external resistor divider (see application information). The chip form is tested at 25°C. 


t The TPS71XX and the TPS72xx are 500-mA and 250-mA output regulators respectively, offering performance similar to that of the TPS73xx but 
without the delayed-reset function. The TPS72xx devices are further differentiated by availability in 8-pin thin shrink small-outline packages 
(TSSOP) for applications requiring minimum package size. 


UNLESS OTHERWISE NOTED this document contains PRODUCTION 
DATA information current as of publication date. Products conform to 
specifications per the terms of Texas Instruments standard warranty. 
Production processing does not necessarily include testing of all 
parameters. 
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 

SLVS124A - JUNE 1995 - REVISED AUGUST 1995 _ _ 


description (continued) 

The RESET output of the TPS73xx is designed to initiate a reset in microcomputer and micro-processor systems 
in the event of an undervoltage condition. An internal comparator in the TPS73xx monitors the output voltage 
of the regulator to detect an undervoltage condition on the regulated output voltage. 

If that occurs, the RESET output (open-drain NMOS) turns on, taking the RESET signal low. RESET stays low 
for the duration of the undervoltage condition. O nce the u ndervoltage condition ceases, a 200-ms (typ) time-out 
begins. At the completion of the 200-ms delay, RESET goes high. 

An order of magnitude reduction in dropout voltage and quiescent current over conventional LDO performance 
is achieved by replacing the typical pnp pass transistor with a PMOS device. 

Because the PMOS device behaves as a low-value resistor, the dropout voltage is very low (maximum of 35 mV 
at an output current of 100 mA for the TPS7350) and is directly proportional to the output current (see Figure 1). 
Additionally, since the PMOS pass element is a voltage-driven device, the quiescent current Is low and remains 
constant, independent of output loading (typically 340 pA over the full range of output current, 0 mA to 250 mA). 
These two key specifications yield a significant improvement in operating life for battery-powered systems. 

The LDO family also features a sleep mode; applying a logic high signal to ^ (enable) shuts down the regulator, 
reducing the quiescent current to 0.5 laA maximum at Tj = 25°C. 

The TPS73XX Is offered in 3.3-V, 4.85-V, and 5-V fixed-voltage versions and in an adjustable version 
(programmable over the range of 1.2 V to 9.75 V). Output voltage tolerance is specified as a maximum of 2% 
over line, load, and temperature ranges (3% for adjustable version). The TPS73xx family is available in PDIP 
(8 pin), SO (8 pin) and TSSOP (20 pin) packages. The TSSOP has a maximum height of 1.2 mm. 


0.15 


0.1 

o 

O) 

§ 

'3 

I 0.05 


0 

0 0.05 0.1 0.15 0.2 0.25 

\q - Output Current - A 

Figure 1. Dropout Voltage Versus Output Current 



V| 



t Capacitor selection is nontrivial. See application information 
section for details. 


Figure 2. Typical Application Configuration 
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 

SLVS124A-JUNE 1995 - REVISED AUGUST 1995 

TPS73xxY chip information 

These chips, when properly assembled, display characteristics similar to the TPS73xxQ. Thermal compression 
or ultrasonic bonding may be used on the doped aluminum bonding pads. Chips may be mounted with 
conductive epoxy or a gold-silicon preform. 


BONDING PAD ASSIGNMENTS 



SENSEt 

FBf 

OUT 


GND 

CHIP THICKNESS: 15 TYPICAL 
BONDING PADS: 4x4 MINIMUM 
Tjmax = 150°C 
TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

t SENSE - Fixed voltage options only (TPS7333, TPS7348, 
andTPS7350) 

t FB - Adjustable version only (TPS7301) 

NOTE A. For most applications, OUT and SENSE should 
be tied together as close as possible to the device; 
for other implementations, refer to SENSE-pin 
connection discussion in the applications 
information section of this data sheet. 



functional block diagram 



GND 


§ For most applications, SENSE should be externally connected to OUT as close as possible to the device. For other implementations, refer to 
SENSE-pin connection discussion in applications information section. 

H Switch positions are shown with EN low (active). 
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 

SLVS124A-JUNE 1995 - REVISED AUGUST 1995 _ 


timing diagram 



t Vres is the minimum input voltage for a valid RESET. The symbol Vfes is not currently listed within EIA or JEDEC standards for 
semiconductor symbology. 


absoiute maximum ratings oyer operating free-air temperature range (uniess otherwise noted)4= 

Input voltage range§, V|, RESET, SENSE, ^ .-0.3 to 10 V 

Output current, Iq . 2 A 

Continuous total power dissipation . See Dissipation Rating Tables 1 and 2 

Operating virtual junction temperature range, Tj . -55°C to 150°C 

Storage temperature range, Tgtg . -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .. 260°C 

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

§ All voltage values are with respect to network terminal ground. 
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 

__SLVS124A- JUNE 1995 - REVISED AUGUST 1995 


DISSIPATION RATING TABLE 1 « FREE-AIR TEMPERATURE (see Figure 3) 


PACKAGE 

Ta < 25°c 

DERATING FACTOR 

Ta = 70°c 

Ta = 125°C 

POWER RATING 

ABOVE Ta = 25°C 

POWER RATING 

POWER RATING 

D 

725 mW 

5.8 mW/°C 

464 mW 

145 mW 

Pt 

1175 mW 

9.4 mW/°C 

752 mW 

235 mW 

PWtt 

700 mW 

5.6 mWrC 

448 mW 

140 mW 


DISSIPATION RATING TABLE 2 - CASE TEMPERATURE (see Figure 4) 


PACKAGE 

Tc<25°C 

DERATING FACTOR 

Tc = 70X 

Tc = 125°C 

POWER RATING 

ABOVE Tc = 25°C 

POWER RATING 

POWER RATING 

D 

2188 mW 

9.4 mW/°C 

1765 mW 

1248 mW 

pt 

2738 mW 

21.9 mW/®C 

1752 mW 

548 mW 

pwtt 

4025 mW 

32.2 mW/°C 

2576 mW 

805 mW 


t The P and PW packages are product preview only and are not yet available. 
t Refer to thermal information section for detailed power dissipation considerations when using the 
TSSOP package. 


MAXIMUM CONTINUOUS DISSIPATION 
vs 

FREE-AIR TEMPERATURE 



MAXIMUM CONTINUOUS DISSIPATION 


vs 

CASE TEMPERATURE 



Tq - Case Temperature - °C 


Figure 3 


Figure 4 
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 

SLVS124A - JUNE 1995 - REVISED AUGUST 1995 

recommended operating conditions 



t Minimum input voltage defined in the recommended operating conditions is the maximum specified output voltage plus dropout voltage, Vdo» 
at the maximum specified load range. Since dropout voltage is a function of output current, the usable range can be extended for lighter loads. 
To calculate the minimum input voltage for the maximum load current used in a given application, use the following equation: 

^l(min) ^O(max) ^DO(max load) 

Because the TPS7301 is programmable, rDS(on) should be used to calculate Vdq before applying the above equation. The equation for Calculating 
Vdo ''DS(on) is given in Note 2 in the electrical characteristics table. The minimum value of 2.5 V is the absolute lower limit for the 
recommended input voltage range for the TPS7301. 

electrical characteristics at Iq = 10 mA, EN = 0 V, Cq = 4.7 iaF(CSR^ = 1 Q), SENSE/FB shorted to OUT 
(unless otherwise noted) 



t CSR (compensation series resistance) refers to the total series resistance, including the equivalent series resistance (ESR) of the capacitor, any 
series resistance added externally, and PWB trace resistance to Cq- 

§ Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 

SLVS124A - JUNE 1995 - REVISED AUGUST 1995 


TPS7301Q electrical characteristics at Iq = 10 mA, V| = 3.5 V, EN = 0 V, Cq = 4.7 |iF(CSRt = 1 Q), FB 
shorted to OUT at device leads (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

Tj 

TPS7301Q 

MIN TYP MAX 

UNIT 

Reference voltage 
(measured at FB) 

V| = 3.5V, IO = 10mA 

25°C 

1.182 

V 

2.5V<V|<10V, 5 mA < Iq < 250 mA, 

See Note 1 

-40°Cto125°C 

1.147 1.217 

V 

Reference voltage temperature 
coefficient 


-40°Cto 125°C 

61 75 

ppm/°C 

Pass-element series resistance 
(see Note 2) 

V| = 2.4V, 50 pA<lo< 150 mA 

25°C 

0.7 1 

Q 

-40°Cto125°C 

1 

V| = 2.4V, 150mA<lo<250mA 

25°C 

0.83 1.3 

-40°C to 125°C 

1.3 

V| = 2.9 V, 50 ^lA < Iq < 250 mA 

25°C 

0.52 0.85 

-40°C to 125°C 

0.85 

V| = 3.9 V, 50 |iA < Iq < 250 mA 

25°C 

0.32 

V| = 5.9 V, 50 ^lA < Iq < 250 mA 

25°C 

0.23 

Input regulation 

V| = 2.5 Vto 10 V, 50 |iA < Iq < 250 mA, 

See Note 1 

25°C 

3 18 

mV 

-40°C to 125°C 

25 

Output regulation 

2.5V<V|<10V, Iq = 5 mA to 250 mA, 

See Note 1 

25°C 

5 14 

mV 

-40°Cto125°C 

25 

2.5V<V|<10V, Iq = 50 ^A to 250 mA, 

See Note 1 

25°C 

7 22 

mV 

-40°C to 125°C 

54 

Ripple rejection 

f = 120 Hz 

Iq = 50 pA 

25°C 

48 59 

dB 

-40°Cto 125°C 

44 

Iq = 250 mA, 

See Note 1 

25°C 

45 54 

-40°Cto 125°C 

44 

Output noise-spectral density 

f=120 Hz 

25°C 

2 

pV/ViHz 

Output noise voltage 

10Hz<f<100 kHz, 
CSRt = 1 Q 

Cq = 4.7 pF 

25°C 

95 

pVrms 

Co = lOpF 

25°C 

89 

Co = 100 pF 

25°C 

74 

RESET trip-threshold voltage§ 

Vo(FB) decreasing 

-40°C to 125°C 

1.101 1.145 

V 

RESET hysteresis voltage§ 

Measured at Vo(FB) 

25°C 

12 

mV 

RESET output low voltage§ 

V| = 2.13 V, lO(RESET) = 400 pA 

25°C 

0.1 0.4 

V 

-40°C to 125°C 

0.4 

FB input current 


25°C 

-10 0.1 10 

nA 

-40°Cto125°C 

-20 20 


t CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance 
to Cq. 

t Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 

§ Output voltage programmed to 2.5 V with closed-loop configuration (see application information). 

NOTES: 1. When V| < 2.9 V and Iq > 150 mA simultaneously, pass element rQS(on) increases (see Figure 32) to a point where the resulting 
dropout voltage prevents the regulator from maintaining the specified tolerance range. 

2. To calculate dropout voltage, use equation: Vdo = >0 * ''DS(on) 

rDS(on) is a function of both output current and input voltage. The parametric table lists rDS(on) for V| = 2.4 V, 2.9 V, 3.9 V, and 
5.9 V, which corresponds to dropout conditions for programmed output voltages of 2.5 V, 3 V, 4 V, and 6 V respectively. For other 
programmed values, refer to Figure 32. 
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 

SLVS124A-JUNE 1995 - REVISED AUGUST 1995__ 


TPS7333Q electrical characteristics at Iq = 10 mA, V| = 4.3 V, EN = 0 V, Cq = 4.7 |iF(CSRt = 1 Q), 
SENSE shorted to OUT (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

Tj 

TPS7333Q 

MIN TYP MAX 

UNIT 

Output voltage 

V| = 4.3V, IO = 10mA 

25°C 

3.3 

V 

4.3V<Vi<10V, 5mA<lo<250mA 

-40°C to 125‘^C 

3.23 3.37 

Dropout voltage 

lO = 10mA, V| = 3.23V 

25°C 

4.5 7 

mV 

-40®Cto125"C 

8 

l 0 = 100 mA, V| = 3.23 V 

25®C 

44 60 

-40°C to 125‘’C 

80 

Iq = 250 mA, ' V| = 3.23 V 

25°C 

108 150 

-40Xto125'’C 

200 

Pass-element series resistance 

(3.23 V - Vo)/lo. V| = 3.23 V, 

Iq = 250 mA 

25‘^C 

0.44 0.6 

Q 

-40°C to 125®C 

0.8 

Input regulation 

V| = 4.3 V to 10 V, 50 pA < Iq < 250 mA 

25°C 

6 23 

mV 

-40®C to 125°C 

29 

Output regulation 

Iq = 5 mA to 250 mA, 4.3V<V|<10V 

25°C 

21 32 

mV 

-40°C to 125°C 

60 

IO = 50|aAto250mA, 4.3V<V|<10V 

25°C 

31 60 

mV 

-40°C to 125°C 

120 

Ripple rejection 

f = 120 Hz 

Iq = 50 (iA 

25^C 

46 51 

dB 

-40Xto125°C 

44 

Iq = 250 mA 

25°C 

39 49 

-40°C to 125°C 

36 

Output noise-spectral density 

f = 120Hz 

25'’C 

2 

(xV/^z 

Output noise voltage 

10Hz<f<100 kHz, 
CSRt = 1 Q 

Co = 4.7 |iiF 

25®C 

274 

pVrms 

Co = 10pF 

25°C 

228 

LJ_ 

=L 

8 

II 

o 

o 

25®C 

159 

RESET trip-threshold voltage 

Vq decreasing 

-40°C to 125X 

2.868 

V 

RESET trip-threshold voltage 

Vq increasing 

-40“C to 125®C 


V 

RESET hysteresis voltage 


25'’C 

18 

mV 

RESET output low voltage 

V| = 2.8 V, lO(RESET) = -1 mA 

25°C 

0.17 0.4 

V 

-40°C to 125X 

0.4 


t CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance 
to Co- 

t Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 

_SLVS124A-JUNE 1995- REVISED AUGUST 1995 


TPS7348Q electrical characteristics at Iq = 10 mA, V| = 5.85 V, EN = 0 V, Cq = 4.7 ^F(CSRt = 1 a), 
SENSE shorted to OUT (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

Tj 

TPS7348Q 

MIN TYP MAX 

UNIT 

Output voltage 

V| = 5.85 V, IO=10mA 

25°C 

4.85 

V 

5.85V<V|< 10 V, 5mA<lo<250mA 

-40°C to 125°C 

4.75 4.95 

Dropout voltage 

IO = 10mA, V| = 4.75 V 

25°C 

2.9 6 

mV 

-40°C to 125®C 

8 

l0 = 100 mA, V| = 4.75 V 

25°C 

28 37 

-40°C to 125-^0 

52 

Iq = 250 mA, V| = 4.75 V 

25°C 

70 91 

-40°Cto125°C 

130 

Pass-element series resistance 

(4.75 V-Vo)/lo. V| = 4.75 V, 

Iq = 250 mA 

25°C 

0.28 0.37 

n 

-40°C to 125°C 

0.52 

Input regulation 

V| = 5.85 V to 10 V, 50 pA < Iq < 250 mA 

25°C 

9 35 

mV 

-40°C to 125°C 

37 

Output regulation 

Iq = 5 mA to 250 mA, 5.85 V<V|< 10 V 

25°C 

28 40 

mV 

-40°C to 125°C 

75 

Iq = 50 pA to 250 mA, 5.85 V < V| < 10 V 

25°C 

42 65 

mV 

-40°C to 125°C 

130 

Ripple rejection 

f = 120 Hz 

Iq = 50 pA 

25°C 

45 53 

dB 

-40°C to 125X 

39 

Iq = 250 mA 

25°C 

39 50 

-40°C to 125°C 

35 

Output noise-spectral density 

f = 120 Hz 

25°C 

2 

pV/VlHz 

Output noise voltage 

10Hz<f<100 kHz, 
CSRt = 1 Q 

Co = 4.7pF 

25°C 

410 

pVrms 

LL 

O 

II 

O 

o 

25°C 

328 

Co = 100 pF 

25°C 

212 

RESET trip-threshold voltage 

Vq decreasing 

-40°C to 125°C 

4.5 4.7 

V 

RESET trip-threshold voltage 

Vq increasing 

-40°C to 125°C 


V 

RESET hysteresis voltage 


25°C 

26 

mV 

RESET output low voltage 

•O(RESET) = -1 -2 mA, V| = 4.12 V 

25°C 

0.2 0.4 

V 

-40°C to 125°C 

0.4 


t CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance 
toCo- 

t Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 

SLVS124A-JUNE 1995- REVISED AUGUST 1995 _ 


TPS7350Q electrical characteristics at Iq = 10 mA, V| = 6 V, EN = 0 V, Cq = 4.7 ^F(CSRt = 1 Q), SENSE 
shorted to OUT (uniess otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

Tj 

TPS7350Q 

MIN TYP MAX 

UNIT 

Output voltage 

V| = 6V, IO = 10mA 

25°C 

5 

V 

6V<V|<10V, 5mA<lo^250mA 

-40°C to 125°C 

4.9 5.1 

Dropout voltage 

IO = 10mA, V|= 4.88 V 

25°C 

2.9 6 

mV 

-40°C to 125‘^C 

8 

IO = 100 mA, V| = 4.88 V 

25°C 

27 35 

-40°C to 125°C 

50 

l0 = 250 mA, V| = 4.88 V 

25°C 

68 88 

-40°C to 125X 

125 

Pass-element series resistance 

(4.88V-Vo)/lo. V| = 4.88 V, 

Iq = 250 mA 

25°C 

0.27 0.35 

Q 

-40°C to 125°C 

0.5 

Input regulation 

V| = 6Vto10V, 50 pA< Iq ^ 250 mA 

25°C 

4 20 

mV 

-40°C to 125°C 

45 

Output regulation 

Iq = 5 mA to 250 mA, 6V<V|<10V 

25°C 

28 40 

mV 

-40°C to 125°C 

75 

Iq = 50 pA to 250 mA, 6V<V|<10V 

25X 

41 65 

mV 

-40°C to 125°C 

130 

Ripple rejection 

f= 120 Hz 

Iq = 50 pA 

25°C 

43 53 

dB 

-40°C to 125'^C 

38 

Iq = 250 mA 

25X 

41 51 

-40°C to 125°C 

36 

Output noise-spectral density 

f = 120Hz 

25°C 

2 

pV/VHz 

Output noise voltage 

10Hz<f< 100 kHz, 
CSRt = 1 Q 

Co = 4.7 pF 

25°C 

430 

pVrms 

Co = lOpF 

25°C 

345 

LL 

=1 

O 

O 

II 

O 

o 

25°C 

220 

RESET trip-threshold voltage 

Vq decreasing 

-40°Cto 125°C 

4.55 4.75 

V 

RESET trip-threshold voltage 

Vq increasing 

-40°C to 125°C 


V 

RESET hysteresis voltage 


25°C 

28 

mV 

RESET output low voltage 

•O(RESET) = -1 -2 mA, Vj = 4.25 V 

25°C 

0.15 0.4 

V 

-40°Cto125°C 

0.4 


t CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance 
to Co- 

t Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 

_SLVS124A - JUNE 1995 - REVISED AUGUST 1995 


switching characteristics 


PARAMETER 

TEST CONDITIONS 

Tj 

TPS7301Q, TPS7333Q 
TPS7348Q, TPS7350Q 

MIN TYP MAX 

UNIT 

RESET time-out delay 

See Figure 5 

25°C 

140 200 260 

ms 

-40°C to 125*^0 

100 300 


electrical characteristics at I© = 10 mA, EN = 0 V, C© = 4.7 ^F(CSRt = 1 n), Tj = 25'>C, SENSE/FB 
shorted to OUT (uniess otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

TPS7301Y, TPS7333Y 
TPS7348Y, TPS7350Y 

UNIT 



MIN TYP MAX 


Ground current (active mode) 

EN < 0.5 V, V| = Vo + 1 V, 

0 mA < Iq ^ 250 mA 

340 

pA 

Input current (standby mode) 

IN = V|, 2.7V<V|<10V 

0.01 

pA 

Output current limit 

> 

o 

II 

> 

>‘ 

o 

II 

1.2 

A 

Pass-element leakage current 
in standby mode 

EN = V|, 2.7V<V|<10V 

0.01 

pA 

RESET leakage current 

Normal operation, V at RESET = 10 V 

0.02 

pA 

Thermal shutdown junction temperature 


165 


EN logic low (active mode) 

2.7 V<V|<10 V 


V 

EN hysteresis voltage 


50 

mV 

EN Input current 

0V<V|<10V 

0.001 

pA 

Minimum V| for active pass element 


2.05 

V 

Minimum V| for valid RESET 

•OfRESET1 = -300pA 

1 

V 


t CSR (compensation series resistance) refers to the total series resistance, including the equivalent series resistance (ESR) of the capacitor, any 
series resistance added externally, and PWB trace resistance to Cq. 

t Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 

SLVS124A- JUNE 1995 - REVISED AUGUST 1995 


TPS7301Y electrical characteristics at Iq = 10 mA, V| = 3.5 V, EN = 0 V, Cq = 4.7 nF(CSRt = 1 Q), Tj 
= 25°C, FB shorted to OUT at device leads (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS^ 

TPS7301Y 

UNIT 

MIN TYP MAX 

Reference voltage 
(measured at FB) 

V| = 3.5V, IO = 10mA 

1.182 

V 

Pass-element series resistance (see Note 2) 

V| = 2.4 V, 50 pA < Iq < 150 mA 

0.7 

Q 

V| = 2.4 V, 150 mA < Iq < 250 mA 

0.83 

V| = 2.9 V, 50 pA < Iq ^ 250 mA 

0.52 

V| = 3.9 V, 50 pA < Iq ^ 250 mA 

0.32 

V| = 5.9 V, 50 pA < Iq ^ 250 mA 

0.23 

Input regulation 

Vi = 2.5 V to 10 V, 50 pA < Iq < 250 mA, 

See Note 1 

3 

mV 

Output regulation 

2.5V<V|<10V, Iq = 5 mA to 250 mA, 

See Note 1 

5 

mV 

2.5V<V|<10V, Iq = 50 pA to 250 mA, 

See Note 1 

7 

mV 

Ripple rejection 

f = 120Hz 

Iq = 50 pA 

59 

dB 

Iq = 250 mA, 

See Note 1 

54 

Output noise-spectral density 

f=120Hz 

2 

pV/>/Hz 

Output noise voltage 

10Hz<f<100 kHz, 
CSRt = 1 n 

Co = 4.7pF 

95 

pVrms 

O 

O 

o 

89 

Co = 100 pF 

74 

RESET hysteresis voltage§ 

Measured at Vo(FB) 

12 

mV 

RESET output low voltage§ 

V| = 2.13 V, lO(RESET) = 400 pA 

0.1 

V 

FB input current 


0.1 

nA 


t CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance 
to Cq. 

t Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 

§ Output voltage programmed to 2.5 V with closed-loop configuration (see application information). 

NOTES: 1. When Vj < 2.9 V and Iq > 150 mA simultaneously, pass element r0S(on) increases (see Figure 32) to a point where the resulting 
dropout voltage prevents the regulator from maintaining the specified tolerance range. 

2. To calculate dropout voltage, use equation; Vdo = >0 ‘ •'DS(on) 

rDS(on) 's a function of both output current and input voltage. The parametric table lists rDS(on) Vi = 2.4 V, 2.9 V, 3.9 V, and 
5.9 V, which corresponds to dropout conditions for programmed output voltages of 2.5 V, 3 V, 4 V, and 6 V respectively. For other 
programmed values, refer to Figure 32. 
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 

_ SLVS124A - JUNE 1995 - REVISED AUGUST 1995 


TPS7333Y electrical characteristics at Iq = 10 mA, V| = 4.3 V, EN = 0 V, Cq = 4.7 ^F(CSRt = 1 n), Tj 
= 25°C, SENSE shorted to OUT (unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

TPS7333Y 

UNIT 

MIN TYP MAX 

Output voltage 

V| = 4.3V, 

Iq = 10 mA 

3.3 

V 


Iq = 10 mA, 

V) = 3.23 V 

4.5 


Dropout voltage 

Iq = 100 mA, 

V| = 3.23 V 

44 

mV 


Iq = 250 mA, 

V| = 3.23 V 

108 


Pass-element series resistance 

(3.23V-Vo)/lo> 

Iq = 250 mA 

V| = 3.23 V, 

0.44 

Q 

Input regulation 

V| = 4.3 V to 10 V, 

50 p-A < Iq ^ 250 mA 

6 

mV 

Output regulation 

Iq = 5 mA to 250 mA, 

4.3V<V|<10V 

21 

mV 

Iq = 50 |xA to 250 mA, 

4.3V<V|<10V 

31 

mV 

Ripple rejection 

f = 120 Hz 

Iq = 50 pA 

51 

rin 

Iq = 250 mA 

49 

QD 

Output noise-spectral density 

f= 120 Hz 

2 

pV/VRz 


10Hz<f<100 kHz, 
CSRt = 1 Q 

Co = 4.7 pF 

274 


Output noise voltage 

Co = 10pF 

228 

pVrms 


Co = 100pF 

159 


RESET hysteresis voltage 


18 

mV 

RESET output low voltage 

V| = 2.8V, 

'0(RESET) = -1 mA 

0.17 

V 


t CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance 
toCo- 

t Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 

SLVS124A- JUNE 1995 - REVISED AUGUST 1995 


TPS7348Y electrical characteristics at Iq = 10 mA, V| = 5.85 V, EN s 0 V, Cq = 4.7 ^F(CSRt s 1 a), 
SENSE shorted to OUT (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS^ 

TPS7348Y 

UNIT 

MIN TYP MAX 

Output voltage 

Vi = 5.85 V, 

IO = 10mA 

4.85 

V 


IO=10mA, 

V| = 4.75 V 

2.9 


Dropout voltage 

IO = 100 mA, 

V|= 4.75 V 

28 

mV 


Iq = 250 mA, 

V| = 4.75 V 

70 


Pass-element series resistance 

(4.75V-Vo)/lo. 

Iq = 250 mA 

V| = 4.75 V, 

0.28 

Q 

input regulation 

V| = 5.85 V to 10 V, 

50 pA < lo ^ 250 mA 

9 

mV 

Output regulation 

Iq = 5 mA to 250 mA, 

5.85V<V|<10V 

28 

mV 

Iq = 50 jxA to 250 mA, 

5.85 V<V|< 10 V 

42 

mV 

Ripple rejection 

f=120 Hz 

Iq = 50 pA 

53 

dB 

Iq = 250 mA 

50 

Output noise-spectral density 

|f=120Hz 1 

2 

pV/>/Hz 


10Hz<f<100 kHz, 
CSRt = 1 Q 

Co = 4.7 pF 

410 


Output noise voltage 

Co = 10pF 

328 

pVrms 


Co = 100 pF 

212 


RESET hysteresis voltage 


26 

mV 

RESET output low voltage 

b(RESET) =-1-2 mA, V| = 4.12 V 

0.2 

V 


t CSR refers to the total series resistance, including the ESB of the capacitor, any series resistance added externally, and PWB trace resistance 
toCo- 

+ Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be 
taken into account separately. 
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 

_SLVS124A-JUNE 1995- REVISED AUGUST 1995 


PARAMETER MEASUREMENT INFORMATION 


V| 



TEST CIRCUIT 



Figure 5. Test Circuit and Voitage Waveforms 



t Ceramic capacitor 

Figure 6. Test Circuit for Typical Regions of Stability (Refer to Figures 28 through 31) 
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LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DEUYED RESET FUNCTION 

SLVS124A-JUNE 1995-REVISEDAUeUST 1995 


TYPICAL CHARACTERISTICS 


Table of Graphs 
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Iq - Quiescent Current - {x A 


TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DEUYED RESET FUNCTION 

^^^^^^^^^^^^^^^^^^^SWS124A-JUNE1995-REVISEDAUGUSn^ 

TYPICAL CHARACTERISTICS 


QUIESCENT CURRENT QUIESCENT CURRENT 



lO- Output Current-mA V| - Input Voltage - V 


Figure 7 Figure 8 


TPS7348Q 

QUiESCENT CURRENT DROPOUT VOLTAGE 



Ta - Free-Air Temperature - °C iO - Output Current - mA 


Figures Figure 10 
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 

SLVS124A-JUNE 1995 - REVISED AUGUST 1995_ 


TYPICAL CHARACTERISTICS 


CHANGE IN DROPOUT VOLTAGE 
vs 



Ta - Free-Air Temperature - °C 


> 

I 


a 

s 

o 

I 

o 


TPS7301 

DROPOUT VOLTAGE 
vs 


OUTPUT CURRENT 



Iq - Output Current - mA 


Figure 11 


Figure 12 


CHANGE iN OUTPUT VOLTAGE 


vs 



-50 -25 0 25 50 75 100 125 

Ta “ Free-Air Temperature - °C 


OUTPUT VOLTAGE 


vs 



0123456789 10 


V| - Input Voltage - V 


Figure 13 


Figure 14 
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 

SLVS124A- JUNE 1995 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTICS 



4 5 6 7 8 9 10 

V| - Input Voltage ~ V 

Figure 15 


TPS7301Q 

LOAD REGULATION 


2.52 

2.515 

2.51 

1 

g> 2.505 

S 

5 2.5 

Q. 

3 

- 1 - 1 - 

Ta = 25°C 

Vn Programmed to 2.5 V 



















Vj = 3. 

5 V 



® 2.495 

2.49 

2.485 

2.48 

V| = 1C 

IV 















0 50 100 150 200 250 

Iq ~ Output Current - mA 

Figure 16 



0 50 100 150 200 250 


Iq - Output Current ~ mA 


TPS7348Q 

LOAD REGULATION 



Iq - Output Current - mA 


Figure 17 


Figure 18 
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 

SLVS124A-JUNE 1995 - REVISED AUGUST 1995 _ _ 


TYPICAL CHARACTERISTICS 


TPS7350Q 

LOAD REGULATION 



Iq - Output Current - mA 

Figure 19 


OUTPUT VOLTAGE RE^ONSE FROM 
ENABLE (EN) 



Time - |is 


Figure 20 


> 

E 

I 


O 

c 


O 

I 


TPS7301 (WITH Vo PROGRAMMED TO 2.5 V) OR TPS7333 
LOAD TRANSIENT RESPONSE 

200 


100 

0 

-100 

-200 









I— 






r 


Fa - 25°C 





v7=6V 

C|=:0 




N 

II 

o 

^lF (CSR 

= 1 Q) 




















105 


55 


-45 


100 200 300 

t - Time - \is 

Figure 21 


400 


500 


< 

E 

I 


O 

Q. 

3 

O 

I 

O 


Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


3-232 






TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 

SLVS124A - JUNE 1995 - REVISED AUGUST 1995 

TYPICAL CHARACTERISTICS 


TPS7348 OR TPS7350 
LOAD TRANSIENT RESPONSE 



0 100 200 300 400 500 


t - Time - \i.s 
Figure 22 


TPS7301 WITH Vo PROGRAMMED TO 2.5 V 
LINE TRANSIENT RESPONSE 



t - Time - ^is 


Figure 23 
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 

SLVS124A-JUNE 1995-REVISED AUGUST 1995 

TYPICAL CHARACTERISTICS 


TPS7333 

LINE TRANSIENT RESPONSE 



t - Time - ^is 


Figure 24 
TPS7348ORTPS7350 



t - Time - jj,s 


Figure 25 
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 
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TYPICAL CHARACTERISTICS 

RIPPLE REJECTION 
vs 


FREQUENCY 



f - Frequency - Hz 


Figure 26 


OUTPUT SPECTRAL-NOISE DENSITY 
vs 

FREQUENCY 



10 100 Ik 10 k 100 k 


f “ Frequency - Hz 
Figure 27 
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 

SLVS124A- JUNE 1995 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTICS 


TYPICAL REGIONS OF STABILITY 
COMPENSATION SERIES RESISTANCE (CSR)t 

VS 



0 50 100 150 200 250 

Iq ~ Output Current - mA 

Figure 28 

TYPICAL REGIONS OF STABILITY 
COMPENSATION SERIES RESISTANCE (CSR)t 

VS 



50 100 150 200 

Iq - Output Current - mA 

Figure 30 


250 


TYPICAL REGIONS OF STABILITY 
COMPENSATION SERIES RESISTANCE (CSR)t 
vs 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 

Added Ceramic Capacitance - |xF 

Figure 29 

TYPICAL REGIONS OF STABILITY 
COMPENSATION SERIES RESISTANCE (CSR)t 

VS 

ADDED CERAMIC CAPACITANCE 
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Figure 31 


t CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance 
to Co- 
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 
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TYPICAL CHARACTERISTICS 


a 


Ul 

(A 



PASS-ELEMENT RESISTANCE 


vs 



234 567 89 10 

V| - Input Voltage - V 


Figure 32 


NEGATIVE-GOING RESET THRESHOLD 


vs 



-50 -25 0 25 50 75 100 125 


Ta “ Free-Air Temperature - °C 


MINIMUM INPUT VOLTAGE FOR VALID RESET 
vs 

FREE-AIR TEMPERATURE 



Ta - Free-Air Temperature - °C 

Figure 33 

RESET OUTPUT CURRENT 


vs 



01 23456789 10 

V| - Input Voltage - V 


Figure 34 


Figure 35 
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 
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TYPICAL CHARACTERISTICS 


RESET DELAY TIME 
vs 


FREE-AIR TEMPERATURE DISTRIBUTION FOR RESET DELAY 



-50 -25 0 25 50 75 100 125 180 185 190 195 200 205 210 


Ta - Free-Air Temperature -°C - Reset Delay Time - ms 

Figure 36 Figure 37 
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TPS7301Q, TP$7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 

SLVS124A - JUNE 1995 - REVISED AUGUST 1995 


THERMAL INFORMATION 


In response to system-miniaturization trends, integrated circuits are being offered In low-profile and fine-pitch 
surface-mount packages. Implementation of many of today’s high-performance devices In these packages requires 
special attention to power dissipation. Many system-dependent issues such as thermal coupling, airflow, added heat 
sinks and convection surfaces, and the presence of other heat-generating components affect the power-dissipation 
limits of a given component. 

Three basic approaches for enhancing thermal performance are illustrated in thl0 discussion: 

• Improving the power-dissipation capability of the PWB design 

• Improving the thermal coupling of the component to the PWB 

• Introducing airflow in the system 

Figure 38 is an example of a thermally enhanced PWB layout for the 20-lead tS^QP package. This layout involves 
adding copper on the PWB to conduct heat away from the device. The RejA component/board system is 

illustrated In Figure 39. The family of curves Illustrates the effect of increasing the size of the copper-heat-sInk surface 
area. The PWB is a standard FR4 board (L x W x H = 3.2 inch x 3.? Inch inch); the board traces and heat 

sink area are 1 -oz (per square foot) copper. 

Figure 40 shows the thermal resistance for the same system with the additiqh a thermally conductive compound 
between the body of the TSSOP package and the PWB copper routed directly beneath the device. The thermal 
conductivity for the compound used in this analysis is 0.815 W/m • °C. 

Using these figures to determine the system Rqja allows the maximum power-dissipation limit to be calculated with 
the equation: 


^J(max) 


D(max) R, 


0JA(system) 


Where 


Tj(max) is the maximum allowable junction temperature or 125°C i.e., 150°C absolute maximum and 125°C 
maximum recommended operating temperature for specified operation. 

This limit should then be applied to the internal power dissipated by the TPS73xx regulator. The equation for 
calculating total internal power dissipation of the TPS71 xx Is: 


□(total) 


(''i - ''o) 


'o + ''i Iq 


Because the quiescent current of the TPS73xx family is very low, the second term is negligible, further simplifying 
the equation to: 


D(total) 


= (V|-Vo)-lo 


For a 20-lead TSSOP/FR4 board system with thermally conductive compound between the board and the device 
body, where Ta = 55°C, airflow = 100 ft/min, and copper heat sink area = 1 cm^, the maximum power-dissipation limit 
can be calculated. As indicated in Figure 40, the system RejA is 94®C/W; therefore, the maximum power-dissipation 
limit is: 


D(max) R 


^J(max) ^A _ 125°C - 55^0 _ 


745 mW 


'0JA(system) 

If the system implements a TPS7348 regulator where V| = 6 V and Iq = 385 mA, the Internal power dissipation is: 


D(total) 


('^i “ '^o) 'o " 


mW 
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 

SLVS124A- JUNE 1995 - REVISED AUGUST 1995 


THERMAL INFORMATION 

Comparing PD(total) with PD(max) •'®veals that the power dissipation in this example does not exceed the maximum 
limit. When it does, one of two corrective actions can be taken. The power-dissipation limit can be raised by increasing 
either the airflow or the heat-sink area. Alternatively, the internal power dissipation of the regulator can be lowered 
by reducing either the input voltage or the load current. In either case, the above calculations should be repeated with 
the new system parameters. 



Figure 38. Thermally Enhanced PWB Layout (not to Scale) for the 20-Pin TSSOP 


THERMAL RESISTANCE, JUNCTION-TO-AMBIENT THERMAL RESISTANCE, JUNCTION-TO-AMBIENT 

vs vs 

AIR FLOW AIR FLOW 



Figure 39 


Figure 40 
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 

SLVS124A - JUNE 1995 - REVISED AUGUST 1995 


APPLICATION INFORMATION 

The TPS73XX series of low-dropout (LDO) regulators is designed to overcome many of the shortcomings of 
earlier generation LDOs, while adding features such as a power-saving shutdown mode and a supply-voltage 
supervisor. The TPS73xx family Includes three fixed-output voltage regulators: the TPS7333 (3.3 V), the 
TPS7348 (4.85 V), and the TPS7350 (5 V). The family also offers an adjustable device, the TPS7301 (adjustable 
from 1.2 V to 9.75 V). 

device operation 

The TPS73XX, unlike many other LDOs, features very low quiescent currents that remain virtually constant even 
with varying loads. Conventional LDO regulators use a pnp-pass element, the base current of which is directly 
proportional to the load current through the regulator (Ig = Iq/P). Close examination of the data sheets reveals 
that such devices are typically specified under near no-load conditions; actual operating currents are much 
higher as evidenced by typical quiescent current versus load current curves. The TPS73xx uses a PMOS 
transistor to pass current; because the gate of the PMOS element is voltage driven, operating currents are low 
and invariable over the full load range. The TPS73xx specifications reflect actual performance under load. 

Another pitfall associated with the pnp-pass element is its tendency to saturate when the device goes into 
dropout. The resulting drop in p forces an increase in Ig to maintain the load. During power-up, this translates 
to large start-up currents. Systems with limited supply current may fall to start up. In battery-powered systems, 
it means rapid battery discharge when the voltage decays below the minimum required for regulation. The 

TPS73XX quiescent current remains low even when the regulator drops out, thus eliminating both problems. 

\ 

Included in the TPS73xx family is a 4.85-V regulator, the TPS7348. Designed specifically for 5-V cellular 
systems, its 4.85-V output, regulated to within ± 2%, allows for operation within the low-end limit of 5-V systems 
specified to ± 5% tolerance; therefore, maximum regulated operating lifetime Is obtained from a battery pack 
before the device drops out, adding crucial talk minutes between charges. 

The TPS73XX family also features a shutdown mode that places the output in the high-impedance state 
(essentially equal to the feedback-divider resistance) and reduces quiescent current to under 0.5 pA. When the 
shutdown feature is not used, EN should be tied to ground. Response to an enable transition is quick; regulated 
output voltage is reestablished in typically 120 ps. 

minimum load requirements 

The TPS73XX family is stable even at zero load; no minimum load is required for operation. 

SENSE-pin connection 

The SENSE terminal of fixed-output devices must be connected to the regulator output for proper functioning 
of the regulator. Normally, this connection should be as short as possible; however, the connection can be made 
near a critical circuit (remote sense) to improve performance at that point. Internally, SENSE connects to a 
high-impedance wide-bandwidth amplifier through a resistor-divider network, and noise pickup feeds through 
to the regulator output. It is essential to route the SENSE connection in such a way as to minimize/avoid noise 
pickup. Adding an RC network between SENSE and OUT to filter noise Is not recommended because It can 
cause the regulator to oscillate. 

external capacitor requirements 

An input capacitor is not required; however, a ceramic bypass capacitor (0.047 pF to 0.1 pF) Improves load 
transient response and noise rejection when the TPS73xx is located more than a few inches from the power 
supply. A higher-capacitance electrolytic capacitor may be necessary If large (hundreds of mllliamps) load 
transients with fast rise times are anticipated. 
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 
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APPLICATION INFORMATION 


external capacitor requirements (continued) 


As with most LDO regulators, the TPS73xx family requires an output capacitor for stability. A low-ESR 10-|liF 
solid-tantalum capacitor connected from the regulator output to ground Is sufficient to ensure stability over the 
full load range (see Figure 41). Adding high-frequency ceramic or film capacitors (such as power-supply bypass 
capacitors for digital or analog ICs) can cause the regulator to become unstable unless the ESR of the tantalum 
capacitor is less than 1.2 Q. over temperature. Capacitors with published ESR specifications such as the 
AVX TPSD106K035R0300 and the Sprague 593D106X0035D2W work well because the maximum ESR at 
25°C is 300 mQ (typically, the ESR in solid-tantalum capacitors increases by a factor of 2 or less when the 
temperature drops from 25°C to -40°C). Where component height and/or mounting area is a problem, 
physically smaller, lO-pF devices can be screened for ESR. Figures 28 through 31 show the stable regions of 
operation using different values of output capacitance with various values of ceramic load capacitance. 


In applications with little or no high-frequency bypass capacitance (< 0.2 pF), the output capacitance can be 
reduced to 4.7 pF, provided ESR is maintained between 0.7 and 2.5 Q. Because capacitor minimum ESR is 
seldom if ever specified, it may be necessary to add a 0.5-ato 1 -Q resistor in series with the capacitor and limit 
ESR to 1.5 Q maximum. As shown In the CSR graphs (Figures 28 through 31), minimum ESR is not e problem 
when using 10-pF or larger output capacitors. 


Below Is a partial listing of surface-mount capacitors usable with the TPS73xx family. This information, along 
with the CSR graphs, is included to assist in selection of suitable capacitance for the user’s application. When 
necessary to achieve low height requirements along with high output current and/or high ceramic load 
capacitance, several higher ESR capacitors can be used in parallel to meet the guidelines above. 

All load and temperature conditions with up to 1 pF of added ceramic load capacitance: 


PART NO. 

MFR. 

VALUE 

MAX ESRt 

SIZE(HxLxW)t 

T421C226M010AS 

Kemet 

22 pF, 10 V 

0.5 

2.8 X 6x3.2 

593D156X0025D2W 

Sprague 

15pF, 25 V 

0.3 

2.8 X 7.3 X 4.3 

593D106X0035D2W 

Sprague 

l0 pF, 35 V 

0.3 

2.8 X 7.3 X 4.3 

TPSD106M035R0300 

AVX 

lOpF, 35 V 

0.3 

2.8 X 7.3 X 4.3 

< 200 mA, ceramic load capacitance 

< 0.2 pF, full temperature range: 

PART NO. 

MFR. 

VALUE 

MAX ESRt 

SIZE (HxLxW)t 

592D156X0020R2T 

Sprague 

15pF,20V 

1.1 

1.2 X 7.2x6 

595D156X0025C2T 

Sprague 

15pF, 25 V 

1 

2.5 X 7.1 x3.2 

595D106X0025C2T 

Sprague 

lOpF, 25 V 

1.2 

2.5 X 7.1 x3.2 

293D226X0016D2W 

Sprague 

22 pF, 16 V 

1.1 

2.8 X 7.3 X 4.3 

< 100 mA, ceramic load 

capacitance 

< 0.2 pF, full temperature range: 

PART NO. 

MFR. 

VALUE 

MAX ESRt 

SIZE (H X L X W)t 

195D106X06R3V2T 

Sprague 

10 pF, 6.3 V 

1.5 

1.3 X 3.5 X 2.7 

195D106X0016X2T 

Sprague 

10 pF, 16 V 

1.5 

1.3 X 7x2.7 

595D156X0016B2T 

Sprague 

15 pF, 16 V 

1.8 

1.6 X 3.8 X 2.6 

695D226X0015F2T 

Sprague 

22 pF, 15 V 

1.4 

1.8 X 6.5 X 3.4 

695D156X0020F2T 

Sprague 

15pF, 20 V 

1.5 

1.8 X 6.5 X 3.4 

695D106X0035G2T 

Sprague 

lOpF, 35 V 

1.3 

2.5 X 7.6 X 2.5 

is in mm. ESR is maximum resistance at 100 kHz and Ta = 25°C. 

Listings are sorted by height. 
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LOW-DROPOUT VOLTAGE REGULATORS 
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SLVS124A - JUNE 1995 - REVISED AUGUST 1995 


APPLICATION INFORMATION 


external capacitor requirements (continued) 


V| 



Figure 41. Typical Application Circuit 


programming the TPS7301 adjustable LDO regulator 

Programming the adjustable regulators is accomplished using an external resistor divider as shown in 
Figure 42. The equation governing the output voltage is: 



where 


Vref = reference voltage, 1.182 V typ 


Resistors R1 and R2 should be chosen for approximately 7-^A divider current. A recommended value for R2 
is 169 kn with R1 adjusted for the desired output voltage. Smaller resistors can be used, but offer no inherent 
advantage and consume more power. Larger values of R1 and R2 should be avoided as leakage currents at 
FB will introduce an error. Solving equation 1 for R1 yields a more useful equation for choosing the appropriate 
resistance: 


R1 = 


'ref 


- 1 • R2 



Vo 


( 2 ) 


OUTPUT VOLTAGE 
PROGRAMMING GUIDE 


OUTPUT 

VOLTAGE 

R1 

R2 

UNIT 

2.5 V 

191 

169 

kQ 

3.3 V 

309 

169 

kO 

3.6 V 

348 

169 

ka 

4V 

402 

169 

kQ 

5V 

549 

169 

kQ 

6.4 V 

750 

169 

kQ 


Figure 42. TPS7301 Adjustable LDO Regulator Programming 
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q 
LOW-DROPOUT VOLTAGE REGULATORS 
WITH INTEGRATED DELAYED RESET FUNCTION 

SLVS124A-JUNE 1995-REVISED AUGUST 1995 __ 


APPLICATION INFORMATION 
undervoltage supervisor function 

The RESET output of the TPS73xx Initiates a reset In microcomputer and microprocessor systems In the event 
of an undervoltage condition. An internal comparator In the TPS73xx monitors the output voltage of the r egulator 
to detect the undervoltage condition. When that occurs, the RESET output transistor turns on taking the RESET 
signal low. 

On power-up, the output voltage tracks the i nput vol tage. The RESET output becomes active (low) as V| 
approaches the minimum required for a valid RESET signal (specified at 1.5 V for 25°C and 1.9 V over full 
recommended operating temperature range). When the output voltage reac hes the a ppropriate positive-going 
input threshold (Vjy J, a 200 -ms (typ ) timeout period begins during whi ch the RE SET output remains low. Once 
the timeout has expired, the RESET output become inactive. Since the RESET output is an open-drain NMOS, 
a pull-up resistor should be used to ensure that a logic-high signal is indicated. 

The supply-voltage-supervisor function is also activated during power-down. As the Input voltage decays and 
after the dropout voltage is reached, the output voltage tracks linearly with the decaying input voltage. When 
the output voltage drops below the specified negative-going Input threshold (Vjj^ — see electrical 
characteristics tables), the RESET output beco mes acti ve (l ow). It is important to note that if the Input voltage 
decays below the minimum required for a valid RESET, the RESET is undefined. 

Since the circuit is monitoring the regulator output voltage, the RESET output can also be triggered by disabling 
the regulator or by any fault condition that causes the output to drop below V|y_. Examples of fault conditions 
Include a short circuit on the output and a low input voltage. Once the output voltage is reestablished, either by 
reenabl ing the regulator or removing the fault condition, then the internal timer is initiated, which holds the 
RESET signal active during the 200-ms (typ) timeout period. 

NOTE: 

Vj = V| 7 _ -i-Hysteresis 

output noise 

The TPS73XX has very low output noise, with a spectral noise density < 2 |iV/VHz. This is Important when 
noise-susceptible systems, such as audio amplifiers, are powered by the regulator. 

regulator protection 

The TPS73XX PMOS-pass transistor has a built-in back diode that safely conducts reverse currents when the 
input voltage drops below the output voltage (e.g., during power down). Current Is conducted from the output 
to the Input and is not internally limited. If extended reverse voltage is anticipated, external limiting might be 
appropriate. 

The TPS73XX also features Internal current limiting and thermal protection. During normal operation, the 
TPS73XX limits output current to approximately 1 A. When current limiting engages, the output voltage scales 
back linearly until the overcurrent condition ends. While current limiting is designed to prevent gross device 
failure, care should be taken not to exceed the power dissipation ratings of the package. If the temperature of 
the device exceeds 165°C, thermal-protection circuitry shuts it down. Once the device has cooled, regulator 
operation resumes. 
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APPLICATION INFORMATION 


power dissipation and junction temperature 

The junction temperature must be held to 150°C or less to ensure proper regulator operation, which limits the 
power dissipation the regulator can handle in any given application. To ensure the junction temperature is within 
acceptable limits, calculate the maximum allowable dissipation, PD(max)> the actual dissipation, Pp, which 
must be less than or equal to PD(max)- 

The maximum-power-dissipation limit is determined using the following equation: 

Tjmax - T^ 

PD(max) = Rqja 

Where 


Tjmax is the maximum allowable junction temperature, i.e.,150°C absolute maximum and 125°C 
recommended operating temperature. 

Rqja is the thermal resistance junction-to-ambient for the package, i.e., 172°C/W for the 8-terminal 
SOIC and 238°C/W for the 8-terminal TSSOP. 

Ta is the ambient temperature. 

The regulator dissipation is calculated using: 



Power dissipation resulting from quiescent current is negligible. 
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|liA 723C, |LiA723M, |iA723Y 
PRECISION VOLTAGE REGULATORS 


I • 150-mA Load Current Without External 
I Power Transistor 

I • Typically 0.02% Input Regulation and 
I 0.03% Load Regulation (fiA723M) 

I • Adjustable Current Limiting Capability 

• Input Voltages to 40 V 

• Output Adjustable From 2 V to 37 V 

• Direct Replacement for Fairchild |xA723C 
and 1LIA723M 

description 

The |iA723C and |j.A723M are precision monolith¬ 
ic integrated circuit voltage regulators featuring 
high ripple rejection, excellent Input and load 
regulation, excellent temperature stability, and low 
standby current. The circuit consists of a 
temperature-compensated reference voltage am¬ 
plifier, an error amplifier, a 150-mA output 
transistor, and an adjustable output current limiter. 

The ^A723C and |xA723M are designed for use in 
positive or negative power supplies as a series, 
shunt, switching, or floating regulator. For output 
currents exceeding 150 mA, additional pass 
elements may be connected as shown in 
Figures 4 and 5. 

The jiA723C is characterized for operation from 
to 70°C. The ^A723M is characterized for 
operation over the full mifitary temperature range 
of -55°Cto125°C. 


SLVS057B - AUGUST 1972 - REVISED AUGUST 1995 


^A723C ... D OR N PACKAGE 
^A723M ... J PACKAGE 
(TOP VIEW) 


NC[ 

V 

1 

14 

] NC 

CURR LIM[ 

2 

13 

] FREQ COMP 

CURR SENS[ 

3 

12 

] Vcc+ 

IN-[ 

4 

11 

]Vc 

IN+[ 

5 

10 

] OUTPUT 

REF[ 

6 

9 

]Vz 

Vcc-[ 

7 

8 

]NC 


HA723M ... U PACKAGE 
(TOP VIEW) 



CURR LIM 
FREQ COMP 

Vcc+ 

Vc 

OUTPUT 


|iA723M ... FK PACKAGE 
(TOP VIEW) 

£L 





NC - No internal connection 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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^iA723C, |aA723M, hA723Y 
PRECISION VOLTAGE REGULATORS 


SLVS057B - AUGUST 1972 - REVISED AUGUST 1995 


|iA723Y chip information 

This chip, when properly assembled, displays characteristics similar to the ^A723C. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be mounted with 
conductive epoxy or a gold-silicon preform. 
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fiA723C, ^A723M, |liA723Y 
PRECISION VOLTAGE REGULATORS 


SLVS057B--AUGUST 1972 - REVISED AUGUST 1995 


absolute maximum ratings over operating free-air temperature range (unless otherwise hoted)t 


Peak voltage from Vqc+ to Vcc- (tw ^ 50 ms) .. . 50 V 

Continuous voltage from Vgc+ to Vcc~ .. .... ■ 40 V 

Input-to-output voltage differential ...... 40 V 

Differential input voltage to error amplifier ... . ±5 V 

Voltage between noninverting input and V^c- .... • • • .. .8 V 

Current from Vz .......... 25 mA 

Current from REF . ......... 15 mA 

Continuous total dissipation (see Note 1) .. . See Dissipation Rating Table 

Operating free-air temperature range, T^: |xA723C . ... 0°C to 70°C 

|liA 723M .... ~55°Cto125°C 

Storage temperature range, Tgtg ... . ... ~65°C to 150°C 

Case temperature for 60 seconds, Tq: FK package . 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J or U package .. 300°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package .. 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE1: Power dissipation = [l(standby) + l(ref)lVGC + lVc-VollO- 


DISSIPATION RATING TABLE 


PACKAGE 

Ta<25X POWER 
RATING 

DERATING FACTOR 

DERATE 
ABOVE Ta 

Ta = 70X 
POWER RATING 

Ta = 125°C 
POWER RATING 

D 

950 mW 

7.6mW/®C 

25'’C 

608 mW 

— 

FK and J 

1000 mW 

11.0mW/°C 

59°C 

879 mW 

274 mW 

N 

1000 mW 

9.2mw/®C 

41 °C 

733 mW 

— 

u 

675 mW 

5.4 mW/°C 

25°C 

432 mW 

135 mW 


recommended operating conditions 



MIN 

MAX 

UNIT 

Input voltage, V| 

9.5 

40 

V 

Output voltage, Vq 

2 

37 

V 

Input-to-output voltage differential, Vq - Vq 

3 

38 

v 

Output current, Iq 

150 

MSSMt 
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^A723C, fiA723M, ^A723Y 
PRECISION VOLTAGE REGULATORS 


SLVS057B - AUGUST 1972 - REVISED AUGUST 1995 


electrical characteristics at specified free-air temperature (see Notes 2 and 3) 


PARAMETER 

TEST CONDITIONS 

TAt 

pA723C 

pA723M 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Input regulation 

V| = 12VtoV| =15V 

25°C 

0.1 1 

0.1 1 

mV/V 

V| = 12VtoV| =40V 

25°C 

1 5 

0.2 2 

V| = 12VtoV( =15V 

Full 

range 

'3 

3 

Ripple rejection 

f = 50 Hz to 10 kHz, Cref = 0 

25°C 

74 

74 

dB 

f = 50 Hz to 10 kHz, Cref = 5pF 

25*C 

86 

86 

Output regulation 


25‘’C 

CM 

1 

CO 

CD 

1 

-0.3 -1.5 

mV/V 

Full 

range 

-6 

-6 

Reference voltage, V^gf 


25^ 

6.8 7.15 7.5 

6.95 7.15 7.35 

V 

Standby current 

V| = 30 V, lO = 0 

25°C 

2.3 4 

2.3 3.5 

mA 

Temperature coefficient of 
output voltage 


Full 

range 

0.003 0.015 

0.002 0.015* 

%/®C 

Short-circuit output current 

RSC = 10Q, Vo = 0 

25°C 

65 

65 

mA 

Output noise voltage 

BW = 100 Hz to 10 kHz, 

Cref = 0 

25‘^C 

20 

20 

pV 

BW= 100 Hz to 10 kHz, 

Cref = 5 pF 

25°C 

2.5 

2.5 


*On products compliant to MIL-STD-883, Class B, this parameter is not production tested, 
t Full range for pA723C is 0°C to 70®C and for pA723M is -55°C to 125°C. 

NOTES: 2. For ail values in this table, the device is connected as shown in Figure 1 with the divider resistance as seen by the error amplifier 
< 10 kQ. Unless otherwise specified, V| = Vqq+ = Vq = 12 V, Vqq- = 0, Vq = 5 V, Iq = 1 mA, Rgc = 0. £ind Cref = 0. 

3. Pulse-testing techniques must be used that will maintain the junction temperature as close to the ambient temperature as possible. 
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HA723C, |iA723M, ^A723Y 
PRECISION VOLTAGE REGULATORS 


SLVS057B - AUGUST 1972 - REVISED AUGUST 1995 


electrical characteristics, = 25''C (see Notes 2 and 3) 


PARAMETER 

TEST CONDITIONS 

pA723Y 

UNIT 

MIN TYP MAX 

Input regulation 

V| = 12VtoV| =15V 

0.1 

mVA/ 

V| = 12VtoV| =40V 

1 

Ripple rejection 

f = 50 Hz to 10 kHz, Cref = 0 

74 

dB 

f = 50 Hz to 10 kHz, Cref = 5 pF 

86 

Output regulation 


-0.3 

mVA/ 

Reference voltage, Vref 


7.15 

V 

Standby current 

V| = 30 V, lO = 0 

2.3 

mA 

Short-circuit output current 

RSC = ‘>0^. Vo = 0 

65 

mA 

Output noise voltage 

BW = 100 Hz to 10 kHz, 

Cref = 0 

20 

pV 

BW = 100 Hz to 10 kHz, 

Cref = 5 pF 

2.5 


NOTES: 2. For all values in this table, the device is connected as shown in Figure 1 with the divider resistance as seen by the error amplifier 
< 10 ka Unless otherwise specified, V| = Vqc+ = Vq = 12 V, Vcc- = 0, Vq = 5 V, Iq = 1 mA, Rsc = 0. ^>^^1 Cref = 0. 

3. Pulse-testing techniques must be used that will maintain the junction temperature as close to the ambient temperature as possible. 
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^iA723C, |liA723M, hA723Y 
PRECISION VOLTAGE REGULATORS 


SLVS057B - AUGUST 1972 - REVISED AUGUST 1995 

APPLICATiON INFORMATION 


Table 1. Resistor Values (kQ) for Standard Output Voltages 


OUTPUT 

VOLTAGE 

APPLICABLE 

FIGURES 

FIXED 

OUTPUT 

±5% 

OUTPUT 
ADJUSTABLE 
±10% (SEE NOTES) 


OUTPUT 

VOLTAGE 

APPLICABLE 

FIGURES 

FIXED 

OUTPUT 

±5% 

OUTPUT 
ADJUSTABLE 
±10% (SEE NOTE 5) 

(V) 

(SEE NOTE 4) 

R1 

(kQ) 

R2 

m 

R1 

(ka) 

PI 

(kil) 

P2 

(kCt) 


(V) 

(SEE NOTE 4) 

R1 

(kfl) 

R2 

(kQ) 

R1 

(kQ) 

PI 

(kQ) 

R2 

(kQ) 

3.0 

1,5,6,9,11, 

12(4) 

4.12 

3.01 

1.8 

0.5 

1.2 


100 

7 

3.57 

105 

2.2 

10 

91 

3.6 

1,5,6,9,11, 

12(4) 

3.57 

3.65 

1.5 

0.5 

1.5 


250 

7 

3.57 

255 

2.2 

10 

240 

5.0 

1,5,6,9,11, 

12(4) 

2.15 

4.99 

0.75 

0.5 

2.2 


-6 

(Note 6) 

3, 10 

3.57 

2.43 

1.2 

0.5 

0.75 

6.0 

1,5,6,9,11, 

12(4) 

1.15 

6.04 

0.5 

0.5 

2.7 


-9 

3, 10 

3.48 

5.36 

1.2 

0.5 

2.0 

9.0 

2,4,(5,6, 

9,12) 

1.87 

7.15 

0.75 

1.0 

2.7 


-12 

3, 10 

3.57 

8.45 

1.2 

0.5 

3.3 

12 

2,4,(5,6, 
9,12) 

4.87 

7.15 

2.0 

1.0 

3.0 


-15 

3, 10 

3.57 

11.5 

1.2 

0.5 

4.3 

15 

2,4,(5,6, 
9,12) 

7.87 

7.15 

3.3 

1.0 

3.0 


-28 

3, 10 

3.57 

24.3 

1.2 

0.5 

10 

28 

2,4,(5,6, 

9,12) 

21.0 

7.15 

5.6 

1.0 

2.0 


-45 

8 

3.57 

41.2 

2.2 

10 

33 

45 

7 

3.57 

48.7 

2.2 

10 

39 


-100 

8 

3.57 

95.3 

2.2 

10 

91 

75 

7 

3.57 

78.7 

2.2 

10 

68 


-250 

8 

3.57 

249 

2.2 

10 

240 


NOTES: 4. 4The R1/R2 divider may be across either Vq or V^ref)- the divider is across V(ref), use the figure numbers without parentheses. 
If the divider is across Vq, use the figure numbers in parentheses. 

5. To make the voltage adjustable, the R1/R2 divider shown In the figures must be replaced by the divider shown below. 

R1 
PI 
R2 

Adjustable Output Circuit 

6. For Figures 3, 8 , and 10, the device requires a minimum of 9 V between Vqq + and Vqq _ when Vq is equal to or more positive than 
-9 V. 



Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


3-253 



































HA723C, ^iA723M, ^A723Y 
PRECISION VOLTAGE REGULATORS 


SLVS057B - AUGUST 1972 - REVISED AUGUST 1995 

APPLICATION INFORMATION 
Table 2. Formulas for Intermediate Output Voltages 


Outputs from 2 V to 7 V 

See Figures 1,5,6,9,11,12 (4) 
and Note 4 

Outputs from 4 V to 250 V 

See Figure 7 
and Note 4 

Current Limiting 

V — V y 

„ _ ^(ref) R2 - Rl 

T 0.65 V 

‘(limit) Rg^ 

^(ret) '' R1 4-R2 

O 2 Rl 


R3 = R4 


Outputs from 7 V to 37 V 

See Figures 2,4,(5,6,9,11,12) 
and Note 4 

Outputs from -6 V to -250 V 

See Figures 3, 8,10 and 

Notes 4 and 6 

Foldback Current Limiting 

See Figure 6 

'^O - ''(ref) ^ R2 

„ ^(ref) Rl + R2 

''O - 2 ^ Rl 

VqR3 + (R3 + R4) 0.65 V 

^(knee) ~ 


R3 = R4 

T _ 0.65 V .. R3 + R4 
^OS ~ ^ R4 


NOTES: 4. The R1/R2 divider may be across either Vq or V^^ef). If the divider is across V^ref), use figure numbers without parentheses. If the 
divider is across Vq, use the figure numbers in parentheses. 

6. For Figures 3,8, and 10, the device requires a minimum of 9 V between Vqq+ and Vqq_ when Vq is equal to or more positive than 
-9V. 
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HA723C, hA723M, hA723Y 
PRECISION VOLTAGE REGULATORS 


SLVS057B - AUGUST 1972 - REVISED AUGUST 1995 

APPLICATION INFORMATION 


Yi 


R1 


C(ref)' 


REF 




Vcc+ Vc 

OUTPUT 
uA723 

Vz 
CURR LIM 
CURR SENS 
IN+ IN- 

Vcc- FREQ COMP 


,|?^C Regulated 

^ Output, R3 

Vo Notes 

A and B) 



Yl 


VCC+ Vc 

OUTPUT 
[ PEP HA723 

CURR LIM 
CURR SENS 
I IN+ IN- 

vcc- comp 


T 


T 1 



100 pF 


Regulated 

Output, 

Vo 


Figure 1. Basic Low-Voitage Reguiator 
(Vo = 2 V to 7 V) 

NOTES: A. R 3 = for minimum a^Q 


Figure 2. Basic High-Voltage Regulator 
(Vo = 7 V to 37 V) 


B. R3 may be eliminated for minimum component count. Use direct connection (i.e., R 3 = 0 ). 

V| V| 


_r 


R2 


R4 

3kQ 


R3=< 

3kQ: 


vcc+ 


REF 


pA723 


Vc 

OUTPUT 


Vz 

CURR LIM 


R1 


CURR SENSh 
IN+ IN“[ 

Vcc- I 

100 pF 


2kQ. 

(see Note C) 



T 


2N5001 


_ Regulated 
Output, Vq 


Figure 3. Negative-Voltage Regulator 


vcc+ Vc 



OUTPUT 

REF 

pA723 


CURR LIM 


CURR SENS 

IN-f 

IN- 

Vcc- 

FREQ COMP 


T 

T 



500 pF 


2N3997 


Rsc 


Regulated 
Output, Vq 


Figure 4. Positive-Voltage Regulator 
(External N-P-N Pass Terminator) 


NOTE C: When 10-lead pA723U devices are used in applications requiring Vz, an external 6.2-V regulator diode must be connected in series 
with OUTPUT. 
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^A723C, ^A723M, hA723Y 
PRECISION VOLTAGE REGULATORS 


SLVS057B - AUGUST 1972 - REVISED AUGUST 1995 

APPLICATION INFORMATION 



R1 


R2 


V| 


VCC+ Vc 


REF 


OUTPUT 

^A723 

Vz 

CURR LIM 
CURR SENS 


— 

IN+ IN- -1- 

Vcc- FREQ COMP 


X 


Regulated 
Output, Vq 
R3 


R4 


1000 pF 


Vo 


•os A 

> / I 

1/^ •knee 


•O 


Figure 5. Positive-Voltage Regulator 
(External P-N-P Pass Transistor) 


X 1N1826 



1 


2k£l 


y» 


VCC+ Vc 

OUTPUT 


REF 


^iA723 


Vz 

CURR LIM 
CURR SENS 
IN- 

Vcc- 


IN + 


xn 

(see Note A) 


10 kQ 
j—e-wv 


2N5241 


500 pF 


ij 


R2< 


RSC = ■• ^ 


R1< 


Regulated 
Output, Vq 


1N759 


Figure 6. Foldback Current Limiting 


yi 


R3 

3kO 


r 




Vcc+ Vc 

OUTPUT 
|iA723 

REF Vz 

CURR LIM - 
CURR SENS - 
IN+ IN- 

Vcc- 


>R4 
I 3kQ 


>10kQ 


2N5241 
(see Note A) 


: 500 pF 


Regulated 
Output, Vq 


Figure 7. Positive Floating Regulator 


Figure 8. Negative Floating Regulator 


NOTE A; When 10-lead ^iA723U devices are used in applications requiring Vz, an external 6.2-V regulator diode must be connected in series 
with OUTPUT 
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|iA723C, |aA723M, |liA723Y 
PRECISION VOLTAGE REGULATORS 


SLVS057B - AUGUST 1972 - REVISED AUGUST 1995 


APPLICATION INFORMATION 


V| 



Figure 9. Positive Switching Regulator 



Figure 10. Negative Switching Regulator 

NOTES: A. The device requires a minimum of 9 V between Vqq+ and Vqc- when Vq is equal to or more positive than -9 V. 

B. When 10-lead pA723U devices are used in applications requiring V^, an external 6.2-V regulator diode must be connected in series ^ 
with OUTPUT. 

C. L is 40 turns of No. 20 enameled copper wire wound on Ferroxcube P36/22-3B7 potted core or equivalent, with a 0.009-inch air gap. 
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HA723C, ^723M, ^A723Y 
PRECISION VOLTAGE REGUUTORS 

SLVS057B - AUGUST 1972 - REVISED AUGUST 1995 


APPLICATION INFORMATION 

V| 



NOTE A: A current-limit transistor may be used for shutdown if current limiting is not required. 

Figure 11. Remote Shutdown Regulator With Current Limiting 



Regulated 
Output, Vq 


NOTE A: When 10-lead pA723U devices are used in applications requiring V^, an external 6.2-V regulator diode must be connected In series 
with OUTPUT 


Figure 12. Shunt Regulator 
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hA7800 SERIES 
POSITIVE-VOLTAGE REGULATORS 

SLVS056A-MAY 1976-REVISED AUGUST 1995 

• 3-Termihal Regulators kc package 

• Output Current Up to 1.5 A aoPViEW) 

• Internal Thermal Overload Protection 

• High Power Dissipation Capability 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

• Direct Replacements for Fairchild )xA7800 
Series 


description 

This series of fixed-voltage monolithic integrated- 
circuit voltage regulators is designed for a wide 
range of applications. These applications include 
on-card regulation for elimination of noise and 
distribution problems associated with single-point 
regulation. Each of these regulators can deliver up 
to 1.5 A of output current. The internal current limiting and thermal shutdown features of these regulators make 
them essentially immune to overload. In addition to use as fixed-voltage regulators, these devices can be used 
with external components to obtain adjustable output voltages and currents and also used as the power-pass 
element in precision regulators. 

The iliA 7800C series is characterized for operation over the virtual junction temperature range of 0°C to 
125°C. The |iA7805Q and pA7812Q are characterized for operation over the virtual junction temperature range 
of -40°Cto 125°C. 


AVAILABLE OPTIONS 


Tj 

Vo(nom) 

(V) 

PACKAGED DEVICES 

CHIP FORM 
(Y) 

PLASTIC FLANGE-MOUNT 
(KC) 


5 

TIA7805CKC 

^A7805Y 


6 

^A7806CKC 

liA7806Y 


8 

HA7808CKC 

^A7808Y 


8.5 

^A7885CKC 

^A7885Y 

0*^0 to 125°C 

10 

^A7810CKC 

HA7810Y 


12 

^A7812CKC 

^A7812Y 


15 

fiA7815CKC 

^A7815Y 


18 

HA7818CKC 

^A7818Y 


24 

^A7824CKC 

MA7824Y 

-40°C to 125°C 

5 

12 

^iA7805QKC 

)iA7812QKC 



KC PACKAGE 
(TOP VIEW) 




PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of ail parameters. 
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|xA7800 SERIES 

POSITIVE-VOLTAGE REGULATORS 
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IIA7800 SERIES 
POSITIVE-VOLTAGE REGULATORS 

SLVS056A- MAY 1976 - REVISED AUGUST 1995 


|iA78xxY chip information 

These chips, when properly assembled, display characteristics similar to the pA78xxC. Thermal compression 
or ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be mounted with 
conductive epoxy or a gold-silicon preform. 



Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


3-261 








































































|iA7800 SERIES 

POSITIVE-VOLTAGE REGULATORS 


SLVS056A - MAY 1976 - REVISED AUGUST 1995 


absolute maximum ratings over operating temperature ranges (uniess otherwise noted)t 


Input voltage, V|: |iA7824C ..... . 40 V 

Allothers ........... 35V 

Continuous total power dissipation at (or below) 25®C free-air temperature (see Note 1) . 2W 

Continuous total power dissipation at (or below) 90°C case temperature (see Note 1) . 15W 

Operating free-air, T^, case, Tq, or virtual junction, Tj, temperature range...-40 to 150°C 

Storage temperature range, Tgtg ... -65to150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . .... 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: For operation above 25°C free-air or 90°C case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual 
junction temperature, these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal 
resistance, the built-in thermal overload protection may be activated at power levels slightly above or below the rated dissipation. 


FREE-AIR TEMPERATURE 
DISSIPATATION DERATING CURVE 





CASE TEMPERATURE 



25 50 75 100 125 150 


Tc - Case Temperature - °C 


Figure 1 


Figure 2 
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^A7800 SERIES 
POSITIVE-VOLTAGE REGULATORS 


SLVS056A- MAY 1976 - REVISED AUGUST 1995 


recommended operating conditions 


1 — - 1 

MIN 

MAX 

UNIT 


pA7805C 

7 

25 



PA7806C 

8 

25 



pA7808C 

10.5 

25 



pA7885C 

10.5 

25 


Input voltage, V; 

PA7810C 

12.5 

28 

V 


PA7812C 

14.5 

30 



pA7815C 

17.5 

30 



PA7818C 

21 

33 



pA7824C 

27 

38 


Output current, Iq 


1.5 

A 

Operating virtual junction temperature, Tj 

pA7800C Series 

0 

125 

®C 

PA7805Q, pA7812Q 

-40 

125 



electrical characteristics at specified virtual junction temperature, V| = 10 V, Iq = 500 mA (unless 
otherwise noted) 


PARAMETER 

TEST CONDITIONS 

Tjt 

I1A7805C, IIA7805Q 

UNIT 

MIN TYP MAX 

Output voltage^ 


25®C 

4.8 5 5.2 

V 

Iq = 5 mA to 1 A, V| = 7 V to 20 V, 

P<15W 

Full range§ 

4.75 5.25 

input voltage regulation 

V| = 7 V to 25 V 

25‘’C 

I 

CO 

mV 

Vi = 8Vto12V 

1 50 

Ripple rejection 

V| = 8Vto18V, f=120Hz 

Full range§ 

62 78 

dB 

Output voltage regulation 

Iq = 5 mA to 1.5 A 

25^C 

15 100 

mV 

Iq = 250 mA to 750 mA 

5 50 

Output resistance 

f = 1kHz 

Full range§ 

0.017 

Q 

Temperature coefficient of output voltage 

Iq = 5 mA 

Full range§ 

-1.1 

mVrC 

Output noise voltage 

f= 10 Hz to 100 kHz 

25*^0 

40 

pV 

Dropout voltage 

l0 = 1 A 

25X 

2 

V 

Bias current 


25®C 

4.2 8 

mA 

Bias current change 

V| = 7Vto25V 

Full range§ 

1.3 

mA 

Iq = 5 mA to 1 A 

0.5 

Short-circuit output current 


25'^C 

750 

mA 

Peak output current 


25‘’C 

2.2 

A 


t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into 
account separately. All characteristics are measured with a 0.33-pF capacitor across the input and a 0.1-pF capacitor across the output, 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 

§ Full range virtual junction temperature is 0°C to 125°C for the pA7805C and --40®C to 125®C for the pA7805Q. 
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^A7800 SERIES 

POSITIVE-VOLTAGE REGULATORS 


SLVS056A- MAY 1976 - REVISED AUGUST 1995 


electrical characteristics at specified virtual junction temperature, V| = 11 V, Iq = 500 mA (unless 
otherwise noted) 


PARAMETER 

TEST CONDITIONS 

Tjt 

pA7806C 

UNIT 

MIN TYP MAX 

Output voltage^ 


25°C 

5.75 6 6.25 

V 

Iq = 5 mA to 1 A, V| = 8 V to 21 V, 

P<15W 

0°C to 125°C 

5.7 6.3 

Input voltage regulation 

V| = 8 V to 25 V 

25°C 

5 120 

mV 

V| = 9Vto13V 

1.5 60 

Ripple rejection 

V| = 9Vto19V, f = 120Hz 

0°C to125°C 

59 75 

dB 

Output voltage regulation 

Iq = 5 mA to 1.5 A 

25°C 

14 120 

mV 

Iq = 250 mA to 750 mA 

4 60 

Output resistance 

f = 1 kHz 

0°C to125°C 

0.019 

Q 

Temperature coefficient of output voltage 

Iq = 5 mA 

0°C to125°C 

- 0.8 

mV/"C 

Output noise voltage 

f = 10Hz to 100 kHz 

25°C 

45 

pV 

Dropout voltage 

< 

II 

P 

25°C 

2 

V 

Bias current 


25°C 

4.3 8 

mA 

Bias current change 

Vj = 8 V to 25 V 

0°Cto125°C 

1.3 

mA 

Iq = 5 mA to 1 A 

0.5 

Short-circuit output current 


25°C 

550 

mA 

Peak output current 


25°C 

2.2 

A 


t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into 
account separately. All characteristics are measured with a 0.33 -m.F capacitor across the input and a 0.1-pF capacitor across the output, 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 


electrical characteristics at specified virtual junction temperature, V| = 14 V, Iq = 500 mA (unless 
otherwise noted) 


PARAMETER 

TEST CONDITIONS 

Tjt 

pA7808C 

UNIT 

MIN TYP MAX 

Output voltage^ 


25°C 

7.7 8 8.3 

V 

Iq = 5 mA to 1 A, V| = 10.5 V to 23 V, 

P<15W 

0°C to 125°C 

mgmmm 

Input voltage regulation 

V| = 10.5 V to 25 V 

25°C 

1 6 160 1 

mV 

V| = 11Vto17V 

o 

00 

CM 

Ripple rejection 

V| = 11.5Vto21.5V, f = 120Hz 

0°C to 125°C 

1 55 72 1 

dB 

Output voltage regulation 

Iq = 5 mA to 1.5 A 

25°C 

o 

CO 

CM 

mV 

IO = 250 mA to 750 a 

4 80 

Output resistance 

f = 1 kHz 

0 °Cto 125°C 

0.016 

Q 

Temperature coefficient of output voltage 

Iq = 5 mA 

0°C to 125°C 

-0.8 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25°C 

52 

pV 

Dropout voltage 

< 

II 

p 

25°C 

2 

V 

Bias current 


25°C 

4.3 8 

mA 

Bias current change 

V| = 10.5 V to 25 V 

0°C to 125°C 

1 

mA 

Iq = 5 mA to 1 A 

0.5 

Short-circuit output current 


25°C 

450 

mA 

Peak output current 


25°C 

_2^2_j 

A 


t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into 
account separately. All characteristics are measured with a 0.33-pF capacitor across the input and a 0.1-pF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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^A7800 SERIES 
POSITIVE-VOLTAGE REGULATORS 


SLVS056A- MAY 1976 - REVISED AUGUST 1995 


electrical characteristics at specified virtual junction temperature, V| = 15 V, Iq = 500 mA (unless 
otherwise noted) 


PARAMETER 

TEST CONDITIONS 

Tjt 

pA7885C 

UNIT 

MIN TYP MAX 

Output voltage^ 


25°C 

8.15 8.5 8.85 

B 

IO = 5mAto1 A, V| = 11 Vto23.5V, 

P<15W 

0 °C to 125°C 

8.1 8.9 

Input voltage regulation 

V| = 10.5 V to 25 V 

25°C 

6 170 

mV 

V| = 11 V to 17 V 

to 

00 

<M 

Ripple rejection 

V| = 11.5 V to 21.5 V, f=120Hz 

0°C to 125°C 

54 70 

dB 

Output voltage regulation 

Iq = 5 mA to 1.5 A 

25°C 

12 170 

mV 

Iq = 250 mA to 750 mA 

4 85 

Output resistance 

f = 1 kHz 

0 °Cto 125°C 

0.016 

Q 

Temperature coefficient of output voltage 

Iq = 5 mA 

0‘’Cto125°C 

-0.8 

mV/X 

Output noise voltage 

f = 10 Hz to 100 kHz 

25°C 

55 

pV 

Dropout voltage 

< 

II 

p 

25°C 

2 

V 

Bias current 


25°C 

4.3 8 

mA 

Bias current change 

V| = 10.5Vto25V 

0'’Cto125°C 

1 

mA 

Iq = 5 mA to 1 A 

0.5 

Short-circuit output current 


25°C 

450 

mA 

Peak output current 


25°C 

2.2 

A 


t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into 
account separately. All characteristics are measured with a O.SS-pF capacitor across the input and a 0.1-pF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 


electrical characteristics at specified virtual junction temperature, V| = 17 V, Iq = 500 mA (unless 
otherwise noted) 


PARAMETER 

TEST CONDITIONS 

Tjt 

pA7810C 

UNIT 

MIN TYP MAX 

Output voltage^ 


25°C 

9.6 10 10.4 

B 

IO = 5mAto1 A, V| = 12.5 V to 25 V, 

P<15W 

0 °C to 125X 

9.5 10 10.5 

Input voltage regulation 

V| = 12.5 V to 28 V 

25X 

7 200 

mV 

V| = 14Vto20V 

o 

o 

Ripple rejection 

V| = 13Vto23V, f=120Hz 

OX to 125X 

55 71 

dB 

Output voltage regulation 

Iq = 5 mA to 1.5 A 

25X 

12 200 

mV 

II Mill 1 mill 1 — 

4 100 

Output resistance 

f = 1 kHz 

0Xto125X 

0.018 

Q 

Temperature coefficient of output voltage 

Iq = 5 mA 

0Xto125X 

-1 

mV/X 

Output noise voltage 

f= 10 Hz to 100 kHz 

25X 

70 

|iV 

Dropout voltage 

< 

II 

P 

25X 

2 

V 

Bias current 


25X 

4.3 8 

mA 

Bias current change 

V| = 12.5 V to 28 V 

OX to 125X 

1 

mA 

Iq = 5 mA to 1 A 

0.5 

Short-circuit output current 


25X 

400 

mA 

Peak output current 


25X 

2.2 

A 


t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into 
account separately. All characteristics are measured with a 0.33-pF capacitor across the input and a 0.1-pF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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HA7800 SERIES 

POSITIVE-VOLTAGE REGULATORS 


SLVS056A- MAY 1976 - REVISED AUGUST 1995 


electrical characteristics at specified virtual junction temperature, V| = 19 V, Iq = 500 mA (unless 
otherwise noted) 


PARAMETER 

TEST CONDITIONS 

Tjt 

pA7812C 

UNIT 

MIN TYP MAX 

Output voltage^ 


25°C 

11.5 12 12.5 

B 

IO = 5mAto1A, Vj = 14.5 V to 27 V, 

P<15W 

Full range§ 

11.4 12.6 

Input voltage regulation 

V| = 14.5 V to 30 V 

25^0 

10 240 

mV 

V| = 16Vto22V 

3 120 

Ripple rejection 

V| = 15Vto25V, f = 120Hz 

Full range§ 

55 71 

dB 

Output voltage regulation 

Iq = 5 mA to 1.5 A 

25°C 

12 240 

mV 

Iq = 250 mA to 750 mA 

4 120 

Output resistance 

f=1 kHz 

Full range§ 

0.018 

Q 

Temperature coefficient of output voltage 

Iq = 5 mA 

Full range§ 

-1 

mV/°C 

Output noise voltage 

f= 10 Hz to 100 kHz 

25°C 

75 

pV 

Dropout voltage 

IO=1 A 

25°C 

2 

V 

Bias current 


25^0 

4.3 8 

mA 

Bias current change 

V| = 14.5 V to 30 V 

Full range§ 

1 

mA 

Iq = 5 mA to 1 A 

0.5 

Short-circuit output current 


25°C 

350 

mA 

Peak output current 


25fC 

2.2 

A 


t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into 
account separately. All characteristics are measured with a 0.33-pF capacitor across the input and a 0.1-pF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 

§ Full range virtual junction temperature is 0°C to 125°C for the )liA 7812C and -40°C to 125°C for the pA7812Q. 


electrical characteristics at specified virtual junction temperature, V| = 23 V, Iq = 500 mA (unless 
otherwise noted) 


PARAMETER 

TEST CONDITIONS 

Tjt 

pA7815C 

UNIT 

MIN TYP MAX 

Output voltaget 


25°C 

14.4 15 15.6 

V 

IO = 5mAto1A, V|=: 17.5 V to 30 V 

P<15W 

0°C to 125°C 

14.25 15.75 

Input voltage regulation 

V| = 17.5 V to 30 V 

25°C 

11 300 

mV 

V| = 20Vto26V 

3 150 

Ripple rejection 

V| = 18.5 V to 28.5 V, f=120Hz 

0 ®Cto 125°C 

54 70 

dB 

Output voltage regulation 

Iq = 5 mA to 1.5 A 

25°C 

12 300 

mV 

Iq = 250 mA to 750 mA 

4 150 

Output resistance 

f = 1 kHz 

0 °C to 125‘’C 

0.019 

Q 

Temperature coefficient of output voltage 

Iq = 5 mA 

0°C to 125°C 

-1 

mV/°C 

Output noise voltage 

1 = 10 Hz to 100 kHz 

25°C 

90 

pV 

Dropout voltage 

< 

It 

O 

25°C 

2 

V 

Bias current 


25°C 

4.4 8 

mA 

Bias current change 

V| = 17.5 V to 30 V 

0°Cto125°C 

1 

mA 

Iq = 5 mA to 1 A 

0.5 

Short-circuit output current 


25*^0 

230 

mA 

Peak output current 


25°C 

2.1 

A 


t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into 
account separately. All characteristics are measured with a 0.33-pF capacitor across the Input and a 0.1-pF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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^A7800 SERIES 
POSITIVE-VOLTAGE REGULATORS 


SLVS056A- MAY 1976 - REVISED AUGUST 1995 

electrical characteristics at specified virtual junction temperature, V| = 27 V, Iq = 500 mA (unless 
otherwise noted) 



t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into 
account separately. All characteristics are measured with a 0.33-pF capacitor across the Input and a 0.1-p,F capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 

electrical characteristics at specified virtual Junction temperature, V| = 33 V, Iq = 500 mA (unless 
otherwise noted) 



t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into 
account separately. All characteristics are measured with a 0.33-iiF capacitor across the input and a 0.1-pF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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^A7800 SERIES 

POSITIVE-VOLTAGE REGULATORS 


SLVS056A- MAY 1976 - REVISED AUGUST 1995 


electrical characteristics at specified virtual junction temperature, V| = 10 V, Iq = 500 mA, Tj = 25°Ct 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

jiA7805Y 

UNIT 

MIN TYP MAX 

Output voltage^ 


5 

V 

Input voltage regulation 

V| = 7Vto25V 

3 

mV 

V| = 8Vto12V 

1 

Ripple rejection 

Vi=:8Vto18V, f=120Hz 

78 

dB 

Output voltage regulation 

Iq = 5 mA to 1.5 A 

15 

mV 

Iq = 250 mA to 750 mA 

5 

Output resistance 

f = 1 kHz 

0.017 

Q, 

Temperature coefficient of output voltage 

Iq = 5 mA 

-1.1 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

40 

jiV 

Dropout voltage 

IO = 1 A 

2 

V 

Bias current 


4.2 

mA 

Short-circuit output current 


750 

mA 

Peak output current 


2.2 

A 


t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into 
account separately. All characteristics are measured with a 0.33-p,F capacitor across the input and a 0.1-|xF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 


electrical characteristics at specified virtual junction temperature, V| = 11V, Iq = 500 mA, Tj = 25°Ct 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

jiA7806Y 

UNIT 

MIN TYP MAX 

Output voltage^ 


6 

V 

Input voltage regulation 

V| = 8Vto25V 

5 

mV 

V| = 9Vto13V 

1.5 

Ripple rejection 

V| = 9Vto19V, f=120Hz 

75 

dB 

Output voltage regulation 

IO = 5 mA to 1.5 A 

14 

mV 

Iq = 250 mA to 750 mA 

4 

Output resistance 

f=1 kHz 

0.019 

a 

Temperature coefficient of output voltage 

Iq = 5 mA 

-0.8 

mV/°C 

Output noise voltage 

f= 10 Hz to 100 kHz 

45 

fiV 

Dropout voltage 

IO = 1 A 

2 

V 

Bias current 


4.3 

mA 

Short-circuit output current 


550 

mA 

Peak output current 


2.2 

A 


t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into 
account separately. All characteristics are measured with a 0.33-|iF capacitor across the input and a 0.1-|iF capacitor across the output, 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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^A7800 SERIES 
POSITIVE-VOLTAGE REGULATORS 


SLVS056A- MAY 1976 - REVISED AUGUST 1995 


electrical characteristics at specified virtual junction temperature, V| = 14 V, Iq = 500 mA, Tj = 25°Ct 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

PA7808Y 

UNIT 

MIN TYP MAX 



8 

V 

Input voltage regulation 

V| = 10.5Vto25V 

6 

mV 

Vi = 11 V to 17 V 

2 

Ripple rejection 

V| = 11.5 V to 21.5 V, f=120Hz 

72 

dB 

Output voltage regulation 

Iq = 5 mA to 1.5 A 

12 

mV 


4 

Output resistance 

f = 1 kHz 

0.016 

Q 

Temperature coefficient of output voltage 

Iq = 5 mA 

-0.8 

mV/°C 

Output noise voltage 

f= 10 Hz to 100 kHz 

52 

pV 

Dropout voltage 

IO=1A 

2 

V 

Bias current 


4.3 

mA 

Short-circuit output current 


450 

mA 

Peak output current 


2.2 

A 


t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into 
account separately. All characteristics are measured with a 0.33-pF capacitor across the input and a 0.1-pF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 


electrical characteristics at specified virtual junction temperature, V| = 15 V, Iq = 500 mA, Tj = 25°Ct 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

pA7885Y 

UNIT 

MIN TYP MAX 

Output voltage^^ 


8.5 

V 

Input voltage regulation 

V| = 10.5 V to 25 V 

6 

mV 

V| = 11 V to 17 V 

2 

Ripple rejection 

V| = 11.5Vto21.5V, f=120Hz 

70 

dB 

Output voltage regulation 

Iq = 5 mA to 1.5 A 

12 

mV 

Iq = 250 mA to 750 mA 

4 

Output resistance 

f = 1 kHz 

0.016 

Q 

Temperature coefficient of output voltage 

Iq = 5 mA 

-0.8 

mV/°C 

Output noise voltage 

f= 10 Hz to 100 kHz 

55 

pV 

Dropout voltage 

IO = 1 A 

2 

V 

Bias current 


4.3 

mA 

Short-circuit output current 


450 

mA 

Peak output current 


2.2 

A 


t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into 
account separately. All characteristics are measured with a 0.33 -m.F capacitor across the input and a 0.1-pF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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IXA7800 SERIES 

POSITIVE-VOLTAGE REGULATORS 


SLVS056A-MAY1976 - REVISED AUGUST 1995 


electrical characteristics at specified virtual junction temperature, V| = 17 V, Iq = 500 mA, Tj = 25^Ct 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

PA7810Y 

UNIT 

MIN TYP MAX 

Output voltage^ 


10 

V 

Input voltage regulation 

V| = 12.5Vto28V 

7 

mV 

V|?=14Vto20V 

2 

Ripple rejection 

V| = 13Vto23V, f=120Hz 

71 

dB 

Output voltage regulation 

Iq = 5 mA to 1.5 A 

12 

mV 

Iq = 250 mA to 750 mA 

4 

Output resistance 

II 

N 

0.018 

Q 

Temperature coefficient of output voltage 

Iq = 5 mA 

-1 

mV/^’C 

Output noise voltage 

f= 10 Hz to 100 kHz 

70 

pV 

Dropout voltage 

l0 = 1A 

2 

V 

Bias current 


4.3 

mA 

Short-circuit output current 


400 

mA 

Peak output current 


2.2 

A 


t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into 
account separately. All characteristics are measured with a 0.33-p,F capacitor across the input and a 0.1-p,F capacitor across the output, 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 


electrical characteristics at specified virtual junction temperature, V| = 19 V, Iq = 500 mA, Tj = 25^Ct 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

PA7812Y 

UNIT 

MIN TYP MAX 

Output voltage^ 


12 

V 

Input voltage regulation 

V| = 14.5Vto30V 

10 

mV 

V| = 16Vto22 V 

3 

Ripple rejection 

Vi = 15Vto25V, f=120Hz 

71 

dB 

Output voltage regulation 

Iq = 5 mA to 1.5 A 

12 

mV 

Iq = 250 mA to 750 mA 

4 

Output resistance 

ii 

i 

N 

0.018 

Q 

Temperature coefficient of output voltage 

Iq = 5 mA 

-1 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

75 

pV 

Dropout voltage 

IO = 1 A 

2 

V 

Bias current 


4.3 

mA 

Short-circuit output current 


350 

mA 

Peak output current 


2.2 

A 


t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into 
account separately. All characteristics are measured with a 0.33-pF capacitor across the input and a 0.1-pF capacitor across the output, 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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^A7800 SERIES 
POSITIVE-VOLTAGE REGULATORS 


SLVS056A- MAY 1976 - REVISED AUGUST 1995 


electrical characteristics at specified virtual junction temperature, V| = 23 V, Iq = 500 mA, Tj = 25'’Ct 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

pA7815Y 

UNIT 

MIN TYP MAX 

Output voltage^ 


15 

V 

Input voltage regulation 

V| = 17.5 V to 30 V 

11 

mV 

V| = 20 V to 26 V 

3 

Ripple rejection 

V| = 18.5 V to 28.5 V, f = 120 Hz 

70 

dB 

Output voltage regulation 

Iq = 5 mA to 1.5 A 

12 

mV 

Iq = 250 mA to 750 mA 

4 

Output resistance 

f=1 kHz 

0.019 

Q 

Temperature coefficient of output voltage 

Iq = 5 mA 

-1 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

90 

pV 

Dropout voltage 

< 

II 

P 

2 

V 

Bias current 


4.4 

mA 

Short-circuit output current 


230 

mA 

Peak output current 


2.1 

A 


t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into 
account separately. All characteristics are measured with a 0.33-|iF capacitor across the input and a 0.1-pF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 


electrical characteristics at specified virtual junction temperature, V|=27 V, Iq = 500 mA, Tj = 25°Ct 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

pA7818Y 

UNIT 

MIN TYP MAX 

Output voltage^ 


18 

V 

Input voltage regulation 

V| = 21 Vto33V 

15 

mV , 

V|=:24Vto30V 

5 

Ripple rejection 

V| = 22Vto32V, f=120Hz 

69 

dB 

Output voltage regulation 

Iq = 5 mA to 1.5 A 

12 

mV 

Iq = 250 mA to 750 mA 

4 

Output resistance 

f = 1 kHz 

0.022 

Q 

Temperature coefficient of output voltage 

Iq = 5 mA 

-1 

mvrc 

Output noise voltage 

f = 10 Hz to 100 kHz 

110 

pV 

Dropout voltage 

IO = 1 A 

2 

V 

Bias current 


4.5 

mA 

Short-circuit output current 


200 

mA 

Peak output current 


2.1 

A 


t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into 
account separately. All characteristics are measured with a 0.33-|iF capacitor across the input and a 0.1-pF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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^A7800 SERIES 

POSITIVE-VOLTAGE REGULATORS 


SLVS056A- MAY 1976 - REVISED AUGUST 1995 


electrical characteristics at specified virtual junction temperature, V| = 33 V, Iq = 500 mA, Tj = 25°Ct 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

pA7824Y 

UNIT 

MIN TYP MAX 

Output voltage^ 


24 

V 

Input voltage regulation 

V| = 27Vto38V 

18 

mV 

V| = 30 V to 36 V 

6 

Ripple rejection 

V| = 28Vto38V, f=120Hz 

66 

dB 

Output voltage regulation 

Iq = 5 mA to 1.5 A 

12 

mV 

Iq = 250 mA to 750 mA 

4 

Output resistance 

f=1kHz 

0.028 

Q 

Temperature coefficient of output voltage 

Iq = 5 mA 

-1.5 

mV/°C 

Output noise voltage 

f= 10 Hz to 100 kHz 

170 

pV 

Dropout voltage 

IO = 1A 

2 

V 

Bias current 


4.6 

mA 

Short-circuit output current 


150 

mA 

Peak output current 


2.1 

A 


t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into 
account separately. All characteristics are measured with a 0.33-|iF capacitor across the input and a 0.1-pF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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^A7800 SERIES 
POSITIVE-VOLTAGE REGULATORS 


SLVS056A- MAY 1976 - REVISED AUGUST 1995 


APPLICATrON INFORMATION 


+ v,— 

k ..t— I — 


0.33 


|xA78xx 


- 




:T 


+ Vo 


Figure 3. Fixed Output Regulator 


Input 



NOTE A. The following formula is used when Vxx is 
the nominal output voltage (output to 
common) of the fixed regulator. 


Vq = Vxx + 


Figure 5. Adjustable Output Regulator 


IN 


V| 


pA78xx 


COM 


OUT 


-Vo 


Figure 4. Positive Regulator in Negative 
Configuration (V| Must Float) 


Input' 


M.A78XX 


0.33 pF 


VO(|eg) 


R1 


Output 


•o 


*0 = (Vq^RI) + lo Current 


Figure 6. Current Regulator 


1N4001 



Figure 7. Regulated Dual Supply 
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POSITIVE-VOLTAGE REGULATORS 


SLVS056A-MAY 1976-REVISED AUGUST 1995 

APPLICATION INFORMATION 



1N4001 

or 

Equivalent 


T 

I 

1 


+ Vo 


-Vo 


Figure 8. Output Polarity-Reversal Protection Circuit 

operation with a load common to a voltage of opposite polarity 

In many cases, a regulator powers a load that is not connected to ground but instead is connected to a voltage 
source of opposite polarity (e.g., op amps, level-shifting circuits, etc.). In these cases, a clamp diode should be 
connected to the regulator output as shown in Figure 8. This protects the regulator from output polarity reversals 
during startup and short-circuit operation. 


V| 


^A78xx 


T 

T 


+ Vo 


Figure 9. Reverse-Bias Protection Circuit 


reverse-bias protection 

Occasionally, there exists the possibility that the input voltage to the regulator can collapse faster than the output 
voltage. This could occur, for example, when the input supply is crowbarred during an output overvoltage 
condition. If the output voltage is greater than approximately 7 V, the emitter-base junction of the series pass 
element (internal or external) could break down and be damaged. To prevent this, a diode shunt can be 
employed as shown in Figure 9. 
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■ • 3-Terminai Regulators 
I • Output Current Up to 100mA 
I • No External Components 
I • Internal Thermal Overload Protection 
' • Internal Short-Circuit Current Limiting 
• Direct Replacements for Fairchild |iA78L00 
Series 


^A78L00 SERIES 
POSITIVE-VOLTAGE REGULATORS 

SLVS010D - JANUARY 1976 - REVISED OCTOBER 1995 


D PACKAGE 
(TOP VIEW) 


OUTPUT 

COMMON 

COMMON 

NC 


NC-No internal connection 



] INPUT 
]COMMON 
]COMMON 
]NC 


description 


LP PACKAGE 
(TOP VIEW) 


INPUT 

COMMON 


OUTPUT 


This series of fixed-voltage monolithic integrated- 
circuit voltage regulators is designed for a wide 
range of applications. These applications include 
on-card regulation for elimination of noise and 
distribution problems associated with single-point 
regulation. In addition, they can be used with 
power-pass elements to make high-current 
voltage regulators. One of these regulators can 
deliver up to 100 mA of output current. The internal 
limiting and thermal shutdown features of these 

regulators make them essentially immune to overload. When used as a replacement for a zener diode-resistor 
combination, an effective improvement in output Impedance can be obtained together with lower-bias current. 



TO-226AA 


AVAILABLE OPTIONS 




PACKAGED DEVICES | 




PLASTIC DIP 

PLASTIC CYLINDRICAL 


Tj 

Vo(nom) 

(V) 

(D) 

(LP) ^ 

CHIP FORM 
(Y) 


OUTPUT VOLTAGE TOLERANCE | 



5% 

10% 

5% 

10% 



2.6 

PA78L02ACD 

pA78L02CD 

pA78L02ACLP 

pA78L02CLP 

pA78L02Y 


5 

PA78L05ACD 

pA78L05CD 

PA78L05ACLP 

pA78L05CLP 

PA78L05Y 


6.2 

pA78L06ACD 

pA78L06CD 

PA78L06ACLP 

pA78L06CLP 

pA78L06Y 

0°C to 125'^C 

8 

pA78L08ACD 

pA78L08CD 

PA78L08ACLP 

pA78L08CLP 

|liA78L08Y 

9 

|liA78L09ACD 

pA78L09CD 

|liA78L09ACLP 

)liA78L09CLP 

pA78L09Y 


10 

PA78L10ACD 

pA78L10CD 

PA78L10ACLP 

pA78L10CLP 

pA78L10Y 


12 

PA78L12ACD 

PA78L12CD 

pA78L12ACLP 

pA78L12CLP 

pA78L12Y 


15 

pA78L15ACD 

PA78L15CD 

fxA78L15ACLP 

pA78L15CLP 

pA78L15Y 

-40X to 125X 

5 

PA78L05AQD 

pA78L05QD 

pA78L05QLP 

pA78L05QLP 

— 

12 

|iA78L12AQD 

)iA78L12QD 

|iA78L12QLP 

pA78L12QLP 

— ' 


D and LP packages are available taped and reeled. Add R suffix to devise type (e.g., pA78L05ACDR). 


PRODUCTION DATA information is current as of pubiication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of ail parameters. 


Texas 

Instruments 


Copyright © 1995, Texas Instruments Incorporated 


POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


3-275 



























^A78L00 SERIES 

POSITIVE-VOLTAGE REGULATORS 



Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


3-276 


IXA78L00 SERIES 
POSITIVE-VOLTAGE REGULATORS 


SLVS010D - JANUARY 1976 - REVISED OCTOBER 1995 


jLiA78xxY chip information 

These chips, when properly assembled, display characteristics similar to the pA78xxY. Thermal compression 
or ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be mounted with 
conductive epoxy or a gold-silicon preform. 
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|liA78L00 series 

POSITIVE-VOLTAGE REGULATORS 


SLVS010D - JANUARY 1976 - REVISED OCTOBER 1995 


)xA78LxxC absolute maximum ratings over operating temperature range (unless otherwise noted) 



pA78L02C, pA78L02AC 
THROUGH 

pA78L10C, pA78L10AC 

PA78L12C, PA78L12AC 
^iA78L15C, PA78L15AC 

UNIT 

Input voltage 

30 

35 

V 

Continuous total power dissipation (see Note 1) 

See Dissipation Rating Tables 1 and 2 

Operating free-air, T^, case, Tq, or virtual junction, Tj, temperature range 

0 to 125 

0 to 125 


Storage temperature range, Tgtq 

-65 to 150 

-65 to 150 

°c 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

260 

260 



NOTE 1: To avoid exceeding the design maximum virtual junction temperature, these ratings should not be exceeded. Due to variations In 
individual device electrical characteristics and thermal resistance, the built-in thermal overload protection may be activated at power 
levels slightly above or below the rated dissipation. 


jLiA78LxxQ absolute maximum ratings over operating temperature range (unless otherwise noted) 



pA78L05Q, pA78L05AQ 

PA78L12Q, ^A78L12AQ 

UNIT 

Input voltage 

30 

35 

V 

Continuous total power dissipation (see Note 1) 

See Dissipation Rating Tables 1 and 2 

Operating free-air, T^, case, Tq, or virtual junction, Tj, temperature range 

-40 to 150 

-40 to 150 


Storage temperature range, Tstq 

-65 to 150 

-65 to 150 

mam 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

260 

260 

°c i 


NOTE 1: To avoid exceeding the design maximum virtual junction temperature, these ratings should not be exceeded. Due to variations in 
individual device electrical characteristics and thermal resistance, the built-in thermal overload protection may be activated at power 
levels slightly above or below the rated dissipation. 


DISSIPATION RATING TABLE 1 - FREE-AIR TEMPERATURE 


PACKAGE 

Ta < 25°C 
POWER RATING 

DERATING 

FACTOR 

DERATE 
ABOVE Ta 

Ta = 70°C 
POWER RATING 

D 

725 mW 

5.8 mW/°C 


464 mW 

LPt 

775 mW 

6.2 mW/°C 


496 mW 

t The LP package dissipation rating is based on thermal resistance Rrja measured in still air with the 
device mounted in an Augat socket. The bottom of the package is 10 mm (0.375 in) above the socket. 


DISSIPATION RATING TABLE 2 - 

CASE TEMPERATURE 


PACKAGE 

Ta<25°C 
POWER RATING 

DERATING 

FACTOR 

DERATE 
ABOVE Tc 

Tc = 125°C 
POWER RATING 

D 

1600 mW 

19.6 mW/X 


424 mW 

LP 

1600 mW 

28.6 mW/°C 


713 mW 
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^A78L00 SERIES 

POSITIVE-VOLTAGE REGULATORS 
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electrical characteristics at specified virtual junction temperature, V| = 9 V, Iq = 40 mA (unless 
otherwise noted) 


PARAMETER 

TEST CONDITIONS 

Tjt 

pA78L02C 

PA78L02AC 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage^ 


25‘’C 

MEMiH 

2.5 2.6 2.7 

V 

Vj = 4.75 V to 20 V, Iq = 1 mA to 40 mA 

Full range§ 

2.35 2.85 

2.45 2.75 

Iq = 1 mA to 70 mA 

2.35 2.85 

2.45 2.75 

Input voltage 
regulation 

V| = 4.75 V to 20 V 

25'‘C 

20 125 

20 100 

mV 

V|=:5Vto20V 

16 100 

16 75 

Ripple rejection 

V| = 6Vto20V, f=120Hz 

25''C 

42 51 

43 51 

dB 

Output voltage 
regulation 

IO = 1 mA to 100 mA 

25°C 

12 50 

12 50 

mV 

IO = 1mA to 40 mA 

6 25 

6 25 

Output noise voltage 

f= 10 Hz to 100 kHz 

25°C 

30 

30 

pV 

Dropout voltage 


25°C 

1.7 

1.7 

V 

Bias current 


25°C 

3.6 6 

<o 

CO 

cd 

mA 

125®C 

5.5 

5.5 

Bias current change 

V| = 5 V to 20 V 

Full range§ 

2.5 

2.5 

mA 

Iq = 1 mA to 40 mA 

0.2 

0.1 


t Pulse-testing techniques maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately. All characteristics are 
measured with a 0.33-|xF capacitor acrossihe input and a 0.1 -pF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 

§ Full range virtual junction temperature Is 0°C to 125°C for pA78L02, pA78L02AC, pA78L05C, and pA78L05AC and -40°C to 125°C for pA78L05Q 
and pA78L05AQ. 


electrical characteristics at specified virtual junction temperature, V| = 10 V, Iq = 40 mA (unless 
otherwise noted) 


PARAMETER 

TEST CONDITIONS 

Tjt 

pA78L05C, 

pA78L05Q 

PA78L05AC, 

PA78L05AQ 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltaget 


25X 

4.6 5 5.4 

4.8 5 5.2 

V 

V|=:7Vto20V, lo = 1 mAto40mA 

Full range§ 


4.75 5.25 

Iq = 1 mA to 70 mA 

4.5 5.5 

4.75 5.25 

Input voltage 
regulation 

V| = 7Vto20V 

25®C 

32 200 

32 150 

mV 

V| = 8 V to 20 V 

26 150 

26 100 

Ripple rejection 

V| = 8Vto18V, f=120Hz 

25‘’C 

40 49 

41 49 

dB 

Output voltage 
regulation 

Iq = 1 mAto 100 mA 

25°C 

15 60 

15 60 

mV 

Iq = 1 mA to 40 mA 

8 30 

8 30 

Output noise voltage 

f= 10 Hz to 100 kHz 

25°C 

42 

42 

pV 

Dropout voltage 


25°C 

1.7 

1.7 

V 

Bias current 


25°C 

CD 

00 

cd 

CO 

00 

cd 

mA 

125°C 

5.5 

5.5 

Bias current change 

V| = 8Vto20V 

Full range§ 

1.5 

1.5 

mA 

Iq = 1 mA to 40 mA 

0.2 

0.1 


t Pulse-testing techniques maintain Tj as close to Ta as possible. Thermal effects must be taken Into account separately. All characteristics are 
measured with a 0.33-pF capacitor across the input and a 0.1 -pF capacitor across the output, 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 

§ Full range virtual junction temperature is 0°C to 125°C for pA78L02, pA78L02AC, pA78L05C, and pA78L05AC and -40‘’C to 125®C for pA78L05Q 
and pA78L05AQ. 


Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 


3-280 

















































































































































IIA78L00 SERIES 
POSITIVE-VOLTAGE REGULATORS 


SLVS01 OP - JANUARY 1976 - REVISED OCTOBER 1995 


electrical characteristics at specified virtual junction temperature, V| = 12 V, Iq = 40 mA (unless 
otherwise noted) 


PARAMETER 

TEST CONDITIONS 

Tjt 

pA78L06C 

pA78L06AC 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage^ 


25°C 

■a— « 

5.95 6.2 6.45 

V 

V| = 8.5 V to 20 V, lo = 1 mA to 40 mA 

Full range§ 

5.6 6.8 

5.9 6.5 

Iq = 1 mA to 70 mA 

5.6 6.8 

5.9 6.5 

Input voltage 
regulation 

V| = 8.5 V to 20 V 

25^C 

35 200 

35 175 

mV 

V| = 9 V to 20 V 

29 150 

29 125 

Ripple rejection 

V| = 10Vto20V, f = 120Hz 

25°C 

39 48 

40 48 

dB 

Output voltage 
regulation 

Iq = 1 mAto 100 mA 

25'^G 

16 80 

16 80 

mV 

Iq = 1 mA to 40 mA 

9 40 

CO 

o 

Output noise voltage 

f= 10 Hz to 100 kHz 

25°C 

46 

46 

pV 

Dropout voltage 


25°C 

1.7 

1.7 

V 

Bias current 


25°C 

3.9 6 

3.9 6 

mA 

125°C 

5.5 

5.5 

Bias current change 

V| = 9 V to 20 V 

Full range§ 

1.5 

1.5 

mA 

Iq = 1 mA to 40 mA 

0.2 

0.1 


t Pulse-testing techniques maintain Tj as close to T/^ as possible. Thermal effects must be taken into account separately. All characteristics are 
measured with a 0.33 -|liF capacitor across the input and a 0.1-pF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 

§ Full range virtual junction temperature is 0°C to 125°C for pA78L06C, pA78L06AC, pA78L08C, and pA78L08AC. 


electrical characteristics at specified virtual Junction temperature, V| = 14 V, Iq = 40 mA (unless 
otherwise noted) 


PARAMETER 

TEST CONDITIONS 

Tjt 

pA78L08C 

pA78L08AC 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage^ 


25°C 

7.36 8 8.64 

7.7 8 8.3 

V 

V| = 10.5 V to 23 V, lo = 1mA to 40 mA 

Full range§ 

7.2 8.8 

7.6 8.4 

Iq = 1 mA to 70 mA 

00 

00 

CM 

00 

CD 

Input voltage 
regulation 

V| = 10.5 Vto23V 

25°C 

42 200 

42 175 

mV 

V| = 11 Vto23V 

36 150 

36 125 

Ripple rejection 

V| = 13Vto23V, f = 120Hz 

25°C 

36 46 

37 46 

dB 

Output voltage 
regulation 

Iq = 1 mA to 100 mA 

25°C 

o 

00 

00 

o 

00 

00 

mV 

Iq = 1 mAto 40 mA 

10 40 

10^ 40 

Output noise voltage 

f= 10 Hz to 100 kHz 

25®C 

54 

54 

pV 

Dropout voltage 


25°C 

1.7 

1.7 

V 

Bias current 


25°C 

4 6 

4 6 

mA 

125°C 

5.5 

5.5 

Bias current change 

V| = 5Vto20V 

Full range§ 

1.5 

1.5 

mA 

Iq = 1 mA to 40 mA 

0.2 

0.1 


t Pulse-testing techniques maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately. All characteristics are 
measured with a 0.33-pF capacitor across the input and a 0.1-pF capacitor across the output, 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 

§ Full range virtual junction temperature is 0°C to 125°C for pA78L06C, pA78L06AC, pA78L08C, and pA78L08AC. 
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|iA78L00 SERIES 

POSITIVE-VOLTAGE REGULATORS 


SLVS010D- JANUARY 1976-REVISED OCTOBER 1995 


electrical characteristics at specified virtual junction temperature, V| = 16 V, Iq = 40 mA (unless 
otherwise noted) 




PARAMETER 

TEST CONDITIONS 

Tjt 

pA78L09C 

PA78L09AC 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltaget 


25°C 

8.3 9 9.7 

8.6 9 9.4 

V 

V| = 12Vto24V, Iq = 1 mA to 40 mA 

Full range§ 

00 

CO 

CD 

8.55 9.45 

Iq = 1 mA to 70 mA 

00 

CO 

CD 

8.55 9.45 

Input voltage 
regulation 

V| = 12Vto 24 V 

25°C 

45 225 

45 175 

mV 

V| = 13Vto24V 

40 175 

40 125 

Ripple rejection 

V| = 15Vto25V, f = 120Hz 

25°C 

36 45 

38 45 

dB 

Output voltage 
regulation 

Iq = 1 mA to 100 mA 

25°C 

19 90 

19 90 

mV 

Iq = 1 mA to 40 mA 

11 40 

11 40 

Output noise voltage 

f = 10 Hz to 100 kHz 

25°C 

58 

58 

pV 

Dropout voltage 


25X 

1.7 

1.7 

V 

Bias current 


25°C 

4.1 6 

4.1 6 

mA 

125°C 

5.5 

5.5 

Bias current change 

V| = 13Vto24V 

Full range§ 

1.5 

1.5 

mA 

Iq = 1 mA to 40 mA 

0.2 

0.1 


t Pulse-testing techniques maintain Tj as close to as possible. Thermal effects must be taken into account separately. All characteristics are 
measured with a 0.33-pF capacitor across the input and a 0.1 -pF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 

§ Full range virtual junction temperature is 0°C to 125°C for pA78L09C, pA78L09AC, pA78L10C, and pA78L10AG. 


electricai characteristics at specified virtual junction temperature, V| = 14 V, Iq = 40 mA (unless 
otherwise noted) 


PARAMETER 

TEST CONDITIONS 

Tjt 

pA78L10C 

pA78L10AC 

UNIT 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 



25°C 

9.2 

10 

10.8 

9.6 

10 

10.4 


Output voltage^ 

Vi = 13Vto25V, lo = 1 mA to 40 mA 

Full range§ 

9 


11 

9.5 


10.5 

V 


Iq = 1 mA to 70 mA 

9 


11 

9.5 


10.5 


Input voltage 

V| = 13 Vto25 V 

25°C 


51 

225 


51 

175 

mV 

regulation 

V| = 14 Vto25 V 


42 

175 


42 

125 

Ripple rejection 

V| = 15Vto25V, f = 120Hz 

25°C 

36 

44 


37 

44 


dB 

Output voltage 

Iq = 1 mAto 100 mA 



20 

90 


20 

90 

fY\\/ 

regulation 

Iq = 1 mA to 40 mA 

40 L/ 


11 

40 


11 

40 

m V 

Output noise voltage 

f= 10 Hz to 100 kHz 

25°C 

62 

62 

pV 

Dropout voltage 


25°C 

1.7 

1.7 

V 

Bias current 


25°C 


4.2 

6 


4.2 

6 

mA 


125°C 

5.5 

5.5 


Bias current change 

V| = 14Vto25V 

Full range§ 

1.5 

1.5 

mA 

Iq = 1 mA to 40 mA 

0.2 

0.1 


t Pulse-testing techniques maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately. All characteristics are 
measured with a 0.33-pF capacitor across the input and a 0.1 -pF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 

§ Full range virtual junction temperature is 0°C to 125°C for pA78L09C, pA78L09AC, pA78L10C, and pA78L10AC. 
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IXA78L00 SERIES 
POSITIVE-VOLTAGE REGULATORS 


SLVS01 OP - JANUARY 1976 - REVISED OCTOBER 1995 


electrical characteristics at specified virtual junction temperature, V| = 19 V, Iq = 40 mA (unless 
otherwise noted) 


PARAMETER 

TEST CONDITIONS 

B 

pA78L12C, 

pA78L12Q 

pA78L12AC, 

PA78L12AQ 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage^ 


25°C 

11.1 12 12.9 

11.5 12 12.5 

V 

V| = 14Vto27V, lo= 1mA to 40 mA 

Full range§ 

CM 

CO 

OO 

CD 

11.4 12.6 

Iq = 1 mA to 70 mA 

10.8 13.2 

11.4 12.6 

Input voltage 
regulation 

V| = 14.5 V to 27 V 

25°C 

55 250 

55 250 

mV 

V| = 16Vto27V 

49 200 

49 200 

Ripple rejection 

V|=:15Vto25V, f=120Hz 

25°C 

36 42 

37 42 

dB 

Output voltage 
regulation 

Iq = 1 mA to 100 mA 

25°C 

o 

o 

CM 

CM 

22 100 

mV 

Iq = 1 mA to 40 mA 

13 50 

13 50 

Output noise voltage 

f = 10 Hz to 100 kHz 

25°C 

70 

70 

pV 

Dropout voltage 


25°C 

1.7 

1.7 

V 

Bias current 


25°C 

4.3 6.5 

4.3 6.5 

mA 

125°C 

6 

6 

Bias current change 

V| = 16Vto27V 

Full range§ 

1.5 

1.5 

mA 

Iq = 1 mA to 40 mA 

0.2 

0.1 


t Pulse-testing techniques maintain Tj as close to as possible. Thermal effects must be taken Into account separately. All characteristics are 
measured with a 0.33-pF capacitor across the input and a 0.1-pF capacitor across the output, 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 

§ Full range virtual junction temperature Is 0°C to 125°C for |xA78L12C, fxA78L12AC, fiA78L15C, and nA78L15AC. 


electrical characteristics at specified virtual junction temperature, V| = 23 V, Iq = 40 mA (uniess 
otherwise noted) 


PARAMETER 

TEST CONDITIONS 

Tjt 

pA78L15C 

pA78L15AC 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltaget 


25'^C 

13.8 15 16.2 

14.4 15 15.6 

V 

V| = 17.5 V to 30 V, lo = 1 mAto40mA 

Full range§ 

13.5 16.5 

14.25 15.75 

Iq = 1 mA to 70 mA 

13.5 16.5 

14.25 15.75 

Input voltage 
regulation 

V| = 17.5 V to 30 V 

25°C 

65 300 

65 300 

mV 

V| = 20 V to 30 V 

58 250 

58 250 

Ripple rejection 

V| = 18.5 V to 28.5 V, f = 120Hz 

25°C 

33 39 

34 39 

dB 

Output voltage 
regulation 

Iq = 1 mA to 100 mA 

25°C 

25 150 

25 150 

mV 

Iq = 1 mA to 40 mA 

15 75 

15 75 

Output noise voltage 

f= 10 Hz to 100 kHz 

25°C 

82 

82 

pV 

Dropout voltage 


25°C 

1.7 

1.7 

V 

Bias current 


25°C 

4.6 6.5 

4.6 6.5 

mA 

125°C 

6 

6 

Bias current change 

V| = 10 V to 30 V 

Full range§ 

1.5 

1.5 

mA 

Iq = 1 mA to 40 mA 

0.2 

0.1 


t Pulse-testing techniques maintain Tj as close to T^ as possible. Thermal effects must be taken into account separately. All characteristics are 
measured with a 0.33-|xF capacitor across the input and a 0.1-pF capacitor across the output, 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 

§ Full range virtual junction temperature is 0°C to 125°C for |liA 78L12C, pA78L12AC, pA78L15C, and pA78L15AC. 
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^A78L00 SERIES 

POSITIVE-VOLTAGE REGULATORS 


SLVS010D - JANUARY 1976 - REVISED OCTOBER 1995 


electrical characteristics at specified virtuai junction temperature, V| = 9 V, Iq = 40 mA, Ta = 25''C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONST 

pA78L02Y 

UNIT 

MIN TYP MAX 

Output voltage? 


2.6 

V 

Input voltage 

Vi = 4.75 V to 20 V 

20 

mV 

regulation 

V| = 5Vto20V 

16 

Ripple rejection 

V| = 6 V to 20 V, f = 120 Hz 

51 

dB 

Output voltage 

Iq = 1 mA to 100 mA 

12 

mV 

regulation 

IO = 1mA to 40 mA 

6 

Output noise voltage 

f=: 10 Hz to 100 kHz 

30 

pV 

Dropout voltage 


1.7 

V 

Bias current 


3.6 

, mA 


t Pulse-testing techniques maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately. All characteristics are 
measured with a 0.33-p.F capacitor across the input and a 0.1 -pF capacitor across the output, 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 


electrical characteristics at specified virtual junction temperature, V| = 10 V, Iq = 40 mA, = 25''C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONST 

pA78L05Y 

UNIT 

MIN TYP MAX 

Output voltage? 


5 

V 

Input voltage 

V| = 7 V to 20 V 

32 

mV 

regulation 

V| = 8 V to 20 V 

26 

Ripple rejection 

Vi = 8Vto18V, f=120Hz 

49 

dB 

Output voltage 

Iq = 1 mA to 100 mA 

15 

mV 

regulation 

Iq = 1 mA to 40 mA 

8 

Output noise voltage 

f = 10 Hz to 100 kHz 

42 

pV 

Dropout voltage 


1.7 

V 

Bias current 


3.8 

mA 


t Pulse-testing techniques maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately. All characteristics are 
measured with a 0.33-pF dapacitor across the input and a 0.1 -pF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 


electrical characteristics at specified virtual junction temperature, V| = 12 V, Iq = 40 mA, Ta = 25°C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONST 

pA78L06Y 

UNIT 

MIN TYP MAX 

Output voltage? 


6.2 

V 

Input voltage 

V( = 8.5 V to 20 V 

35 

mV 

regulation 

Vj = 9 V to 20 V 

29 

Ripple rejection 

V| = 10Vto20V, f=120Hz 

48 

dB 

Output voltage 

Iq = 1 mA to 100 mA 

16 

mV 

regulation 

Iq = 1 mA to 40 mA 

9 


Output noise voltage 

f = 10 Hz to 100 kHz 

46 

pV 

Dropout voltage 


1.7 

V 

Bias current 


3.9 

mA 


t Pulse-testing techniques maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately. All characteristics are 
measured with a 0.33-pF capacitor across the input and a 0.1-pF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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^A78L00 SERIES 
POSITIVE-VOLTAGE REGULATORS 


SLVS01 OP - JANUARY 1976 - REVISED OCTOBER 1995 


electrical characteristics at specified virtual junction temperature, V| = 14 V, Iq = 40 mA, = 25'^C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONST 

pA78L08Y 

UNIT 

MIN TYP MAX 

Output voltage^ 


8 

V 

Input voltage 

V| = 10.5 V to 23 V 

42 

mV 

regulation 

V| = 11 V to 23 V 

36 

Ripple rejection 

V| = 13Vto23V, f=120Hz 

46 

dB 

Output voltage 

IO = 1 mAto 100 mA 

18 

mV 

regulation 

Iq = 1 mA to 40 mA 

10 

Output noise voltage 

f = 10 Hz to 100 kHz 

54 

pV 

Dropout voltage 


1.7 

V 

Bias current 


4 

mA 


t Pulse-testing techniques maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately. All characteristics are 
measured with a 0.33-|iF capacitor across the input and a 0.1-pF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 


electrical characteristics at specified virtual junction temperature, V| = 16 V, Iq = 40 mA, = 25'’C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONST 

pA78L09Y 

UNIT 

MIN TYP MAX 

Output voltage^ 


9 

V 

Input voltage 

V| = 12Vto 24 V 

45 

mV 

regulation 

V| = 13Vto24V 

40 

Ripple rejection 

V| = 15Vto25V, f=120Hz 

45 

dB 

Output voltage 

Iq = 1 mA to 100 mA 

19 

mV 

regulation 

Iq = 1 mA to 40 mA 

11 

Output noise voltage 

f = 10 Hz to 100 kHz 

58 

pV 

Dropout voltage 


1.7 

V 

Bias current 


4.1 

mA 


t Pulse-testing techniques maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately. All characteristics are 
measured with a 0.33-pF capacitor across the input and a 0.1-pF capacitor across the output, 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 


electrical characteristics at specified virtual junction temperature, V| = 14 V, Iq = 40 mA, Ta = 25''C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONST 

pA78L10Y 

UNIT 

MIN TYP MAX 

Output voltage^ 


10 

V 

Input voltage 

V| = 13Vto25V 

51 

mV 

regulation 

V| = 14Vto25V 

42 

Ripple rejection 

V| = 15Vto25V, f=120Hz 

44 

dB 

Output voltage 

IO = 1 mAto 100 mA 

20 

mV 

regulation 

Iq = 1 mA to 40 mA 

11 

Output noise voltage 

f = 10 Hz to 100 kHz 

62 

pV 

Dropout voltage 


1.7 

V 

Bias current 


4.2 

mA 


t Pulse-testing techniques maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately. All characteristics are 
measured with a 0.33-pF capacitor across the input and a 0.1 -pF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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^iA78L00 SERIES 

POSITIVE-VOLTAGE REGULATORS 


SLVS01 OP - JANUARY 1976 - REVISED OCTOBER 1995 


electrical characteristics at specified virtual junction temperature, V| = 19 V, Iq = 40 mA, T/v = 25''C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONST 

PA78L12Y 


MIN TYP MAX 


Output voltage^ 


12 

V 

Input voltage 

V| = 14.5 Vto 27 V 

55 

mV 

regulation 

V| = 16Vto27V 

49 

Ripple rejection 

V| = 15Vto25V, f = 120Hz 

42 

dB 

Output voltage 

Iq = 1 mA to 100 mA 

22 

tY\\f 

regulation 

Iq = 1 mA to 40 mA 

13 

mv 

Output noise voltage 

f = 10 Hz to 100 kHz 

70 

pV 

Dropout voltage 


1.7 

V 

Bias current 


4.3 

mA 


t Pulse-testing techniques maintain Tj as close to Ta as possible. Thermal effects must be taken Into account separately. All characteristics are 
measured with a 0.33-pF capacitor across the input and a 0.1-pF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 


electrical characteristics at specified virtual junction temperature, V| = 23 V, Iq = 40 mA, = 25°C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONST 

PA78L15Y 

UNIT 

MIN TYP MAX 

Output voltagei 


15 

V 

Input voltage 

V| = 17.5Vto30V 

65 


regulation 

V| = 20Vto30V 

58 


Ripple rejection 

V| = 18.5 Vto 28.5 V, f = 120Hz 

39 

dB 

Output voltage 

Iq = 1 mA to 100 mA 

25 

mV 

regulation 

Iq = 1 mA to 40 mA 

15 

Output noise voltage 

f = 10 Hz to 100 kHz 

82 

pV 

Dropout voltage 


1.7 

V 

Bias current 


4.6 

mA 


t Pulse-testing techniques maintain Tj as close to T/\ as possible. Thermal effects must be taken Into account separately. All characteristics are 
measured with a 0.33-pF capacitor across the input and a 0.1-pF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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IIA78L00 SERIES 
POSITIVE-VOLTAGE REGULATORS 


SLVSQ1 OP - JANUARY 1976 - REVISED OCTOBER 1995 

APPLICATION INFORMATION 


0.33 ^iF; 


V| -•- 1IA78LXX -•- 

.33 - 1 - 0.1 


it- 

- a 




Vo 

l|iF 


Figure 1. Fixed Output Regulator 



Figure 3. Adjustable Output Regulator 


IN 


V| 


^A78Lxx 


COM 


OUT 


1.1 


-Vo 


Figure 2. Positive Regulator in Negative 
Configuration (V| Must Float) 


Input ~ 


|iA78Lxx 


0.33 ^iF 


r 

Vo(l^ 


R1 


Output 


lO 

lO = (Vq/RI) + lo Current 
Figure 4. Current Regulator 


1N4001 



Figure 5. Regulated Dual Supply 
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POSITIVE-VOLTAGE REGULATORS 


SLVS010D - JANUARY 1976 - REVISED OCTOBER 1995 

APPLICATION INFORMATION 


V| 


jaA78Lxx 


T 




1N4001 

or 

Equivalent 


Vo 


-Vo 


Figure 6. Output Polarity-Reversal Protection Circuit 


operation with a load common to a voltage of opposite polarity 

In many cases, a regulator powers a load that is not connected to ground but instead is connected to a voltage 
source of opposite polarity (e.g., operational amplifiers, level-shifting circuits, etc.). In these cases, a clamp 
diode should be connected to the regulator output as shown in Figure 6. This protects the regulator from output 
polarity reversals during startup and short-circuit operation. 


V| 


^A78Lxx 


^ r 

T 


Vo 


Figure 7. Reverse-Bias Protection Circuit 


reverse-bias protection 

Occasionally, there exists the possibility that the input voltage to the regulator can collapse faster than the output 
voltage. This could occur, for example, when the input supply is crowbarred during an output overvoltage 
condition. If the output voltage is greater than approximately 7 V, the emitter-base junction of the series pass 
element (internal or external) could break down and be damaged. To prevent this, a diode shunt can be 
employed as shown In Figure 7. 
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|liA78M00 series 

POSITIVE-VOLTAGE REGULATORS 


I • 3<Terminal Regulators 
I • Output Current Up to 500 mA 
I •No External Components 

• Internal Thermal Overload Protection 

' • High Power Dissipation Capabiiity 

• internai Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

• Direct Replacements for Fairchild |liA 78M00 
Series 

description 

This series of fixed-voltage monolithic integrated- 
circuit voltage regulators is designed for a wide 
range of applications. These applications include 
on-card regulation for elimination of noise and 
distribution problems associated with single-point 
regulation. Each of these regulators can deliver 
up to 500 mA of output current. The internal 
current limiting and thermal shutdown features of 
these regulators make them essentially immune 
to overload. In addition to use as fixed-voltage 
regulators, these devices can be used with 
external components to obtain adjustable output 
voltages and currents and also as the power pass 
element in precision regulators. 


SLVS059A- JUNE 1976 - REVISED AUGUST 1995 


KC PACKAGE 
(TOP VIEW) 



OUTPUT 

COMMON 

INPUT 


The common terminal is in electrical 
contact with the mounting base. 


TO-220AB 



AVAILABLE OPTIONS 


Ta 

Vo(nom) 

(V) 

PACKAGED DEVICES 

CHIP 

FORM 

(Y) 

HEAT-SINK MOUNTED 
(KC) 



5 

pA78M05CKC 


pA78M05Y 


6 

pA78M06CKC 

pA7§M^^TK4^ 

|iA78M06Y 


8 

pA78M08CKC 


pA78M08Y 


9 

pA78M09CKC 


pA78M09Y 

0°Cto125°C 

10 

pA78M10CKC 


IXA78M10Y 


12 

pA78M12CKC 

% ^^^%12CKTP 

pA78M12Y 


15 

|aA78M15CKC 

'^^78M15CKTP 

pA78M15Y 


20 

pA78M20CKC 

pA78M20CKTP 

pA78M20Y 


24 

pA78M24CKG 

pA78M24CKTP 

pA78M24Y 


t The KTP package is only available in tape and reel. 


UNLESS OTHERWISE NOTED this document contains PRODUCTION 
DATA information current as of publication date. Products conform to 
specifications per the terms of Texas instruments standard warranty. 
Production processing does not necessarily include testing of aii 
parameters. 
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^A78M00 SERIES 
POSITIVE-VOLTAGE REGULATORS 


SLVS059A- JUNE 1976 - REVISED AUGUST 1995 


)LiA78MxxY chip information 

This chip, when properly assembled, displays characteristics similar to the }iA78MxxC. Thermal compression 
or ultrasonic bonding can be used on the doped aluminum bonding pads. The chip can be mounted with 
conductive epoxy or a gold-silicon preform. 
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^A78M00 SERIES 
POSmVE’VOLTAGE REGULATORS 


SLVS059A- JUNE 1976 - REVISED AUGUST 1995 


absolute maximum ratings over operating temperature range (unless otherwise noted)t 


I ^ 

pA78Mxx 

UNIT 

Input voltage, Vi 

|iA78M20, pA78M24 

-40 

V 

All others 

35 

Continuous total power dissipation (see Note 1) 

See Dissipation Rating Tables 1 and 2 

Operating free-air (T/v), case (Tc), or virtual junctipn (Tj) temperature range 

0 to 150 


Storage temperature range, Tstq 

-65 to 150 


Lead temperature 1,6 mm (1/16 inch) frorn case for 10 seconds 

260 



t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


NOTE 1: To avoid exceeding the design maximum virtual junction temperature, these ratings should not be exceeded. Due to variations in 
individual device electrical characteristics and thermal resistance, the built-in thermal overload protection may be activated at power 
levels slightly above or below the rated dissipation. 


DISSIPATION RATING TABLE 1 - FREE-AIR TEMPERATURE 


PACKAGE 

Ta<25X 

DERATING FACTOR 

TA-70X 

POWER RATING 

ABOVE Ta = 25°C 

POWER RATING 

KC 

KTPt 

2000 mW 

16mW/°C 

1280 mW 


t The KTP package is product preview only and derating information is not yet available. 


DISSIPATION RATING TABLE 2 - CASE TEMPERATURE 


PACKAGE 

Tc<5d°C 

DERATING FACTOR 

Tc = 125X 

POWER RATING 

ABOVE Tc = 50°C 

POWER RATING 

KC 

KTPt 

20 W 

200mW/°C 

5W 


t The KTP package is product preview only and derating information is not yet available. 


recommended operating conditions 


1 

MIN 

MAX 

UNIT 


pA78M05 

7 

25 



pA78M06 

8 

25 



pA78M08 

10.5 

25 



I1A78M09 

11.5 

26 


Input voltage, V| 

jAA78M10 

12.5 

28 

V 


IXA78M12 

14.5 

30 



PA78M15 

17.5 

30 



pA78M20 

23 

35 



pA78M24 

27 

38 


Output current, Iq 

500 

mA 

Operating virtual junction temperature, Tj 

0 

125 

^C 
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^A78M00 SERIES 
POSITIVE-VOLTAGE REGULATORS 


SLVS059A - JUNE 1976 - REVISED AUGUST 1995 

electrical characteristics at specified virtual junction temperature, V| = 10 V, Iq = 350 mA, Tj = 25°C 
(unless otherwise noted) 



t All characteristics are measured with a 0.33-fj,F capacitor across the input and a 0.1 -pF capacitor across the output. Pulse-testing techniques 
maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 

electrical characteristics at specified virtual junction temperature, V| = 11 V, \q = 350 mA, Tj = 25''C 
(unless otherwise noted) 



t All characteristics are measured with a 0.33-pF capacitor across the input and a 0.1-pF capacitor across the output. Pulse-testing techniques 
maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 

Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


3-293 





















































































































|iA78M00 SERIES 
POSITIVE-VOLTAGE REGULATORS 


SLVS059A-JUNE 1976-REVISED AUGUST 1995 

electrical characteristics at specified virtual junction temperature, V| = 14 V, Iq = 350 mA, Tj = 25^C 
(unless otherwise noted) 



t All characteristics are measured with a 0.33 -jaF capacitor across the input and a 0.1-pF capacitor across the output. Pulse-testing techniques 
maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately, 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 

electrical characteristics at specified virtual junction temperature, V| = 16 V,lo = 350 mA, Tj = 25°C 
(unless otherwise noted) 



t All characteristics are measured with a 0.33-pF capacitor across the input and a 0.1-pF capacitor across the output. Pulse-testing techniques 
maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately, 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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^A78M00 SERIES 
POSITIVE-VOLTAGE REGULATORS 


SLVS059A - JUNE 1976 - REVISED AUGUST 1995 


electrical characteristics at specified virtual junction temperature, V| = 17 V, Iq = 350 mA, Tj = 25°C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

|iA78M10C 

UNIT 

MIN TYP MAX 

Output voltage t 


9.6 10 10.4 

V 

V| = 12.5 V to 25 V, Iq = 5 mA to 350 mA, 

Tj = 0°C to 125°C 

9.5 10.5 

Input voltage regulation 

Iq = 200 mA 

V| = 12.5 V to 28 V 

7 100 

mV 

V| = 14Vto28V 

o 

lO 

CM 

Ripple rejection 

V| = 15Vto25V, f=120Hz 

Iq = 100 mA, 

Tj = 0°C to 125°C 

59 

dB 

Iq = 300 mA 

55 80 

Output voltage regulation 

Iq = 5 mA to 500 mA 

25 200 

mV 

Iq = 5 mA to 200 mA 

10 100 

Temperature coefficient of output voltage 

Iq = 5 mA, Tj = 0°C to 125°C 

-1 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

64 

pV 

Dropout voltage 


2 

V 

Bias current 


4.7 6 

mA 

Bias current change 

V| = 12.5 V to 28 V, Iq = 200 mA, Tj = 0°C to 125°C 

0.8 

mA 

Iq = 5 mA to 350 mA, Tj = 0°C to 125°C 

0.5 

Short-circuit output current 

V| = 35 V 

245 

mA 

Peak output current 


0.7 

A . 


t All characteristics are measured with a 0.33-}xF capacitor across the input and a 0.1 -pF capacitor across the output. Pulse-testing techniques 
maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 


electrical characteristics at specified virtuai Junction temperature, V| = 9 V, Iq = 350 mA, Tj = 25°C 
(uniess otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

pA78M12C 

UNIT 

MIN TYP MAX 

Output voltage t 


11.5 12 12.5 

V 

V| = 14.5 V to 27 V, Iq = 5 mA to 350 mA, 

Tj = 0°C to125°C 

11.4 12.6 

Input voltage regulation 

Iq = 200 mA 

V| = 14.5 V to 30 V 

8 100 

mV 

V| = 16Vto30V 

2 50 

Ripple rejection 

V| = 15Vto25V, f=120Hz 

Iq = 100 mA, 

Tj = 0°C to 125°C 

55 

dB 

Iq = 300 mA 

55 80 

Output voltage regulation 

Iq = 5 mA to 500 mA 

26 240 

mV 

Iq = 5 mA to 200 mA 

10 120 

Temperature coefficient of output voltage 

Iq = 5 mA 

-1 

mV/°C 

Output noise voltage 

f= 10 Hz to 100 kHz 

75 

pV 

Dropout voltage 


2 

V 

Bias current 


(O 

00 

mA 

Bias current change 

V| = 14.5 V to 30 V, Iq = 200 mA, Tj = 0°C to 125°C 

Iq = 5 mA to 350 mA, Tj = 0®C to 125°C 

0.8 

mA 

0.5 

Short-circuit output current 

V| = 35 V 

240 

mA 

Peak output current 


0.7 

A 


t All characteristics are measured with a 0.33-jiF capacitor across the input and a 0.1 -p.F capacitor across the output. Pulse-testing techniques 
maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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[IA78M00 SERIES 
POSITIVE-VOLTAGE REGULATORS 


SLVS059A- JUNE 1976 - REVISED AUGUST 1995 


electrical characteristics at specified virtual junction temperature, V| = 23 V, Iq = 350 mA, Tj = 25''C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

^A78M15C 

UNIT 

MIN TYP MAX 

Output voltage t 


14.4 15 15.6 

B 

V| = 17.5 V to 30 V, Io = 5 mA to 350 mA, 

Tj = 0°Cto125X 

14.25 15.75 

Input voltage regulation 

Iq = 200 mA 

Vi = 17.5 V to 30 V 

10 100 

mV 

V| = 20Vto30V 

o 

IO 

00 

Ripple rejection 

V| = 18.5 V to 28.5 V, f = 120 Hz 

Io = 100 mA, 

Tj = 0°C to 125°C 

54 

dB 

Io = 300 mA 

54 70 

Output voltage regulation 

Iq = 5 mA to 500 mA 

25 300 

mV 

Iq = 5 mA to 200 mA 

10 150 

Temperature coefficient of output voltage 

IO = 5mA, Tj = 0°Cto125°C 

-1 

mV/°C 

Output noise voltage 

f= 10 Hz to 100 kHz 

90 

pV 

Dropout voltage 


2 

V 

Bias current 


4.8 6 

mA 

Bias current change 

V| = 17.5 V to 30 V, Io = 200 mA, Tj = 0°C to 125°C 

0.8 

mA 

Io = 5 mA to 350 mA, Tj = 0°C to 125°C 

0.5 

Short-circuit output current 

V| = 35 V 

240 

mA 

Peak output current 


0.7 

A 


t All characteristics are measured with a 0.33-|j.F capacitor across the input and a 0.1-^F capacitor across the output. Pulse-testing techniques 
maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 


electrical characteristics at specified virtuai junction temperature, V| = 29 V, io = 350 mA, Tj = 25°C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

|iA78M20C 

UNIT 

MIN TYP MAX 

Output voltage+ 


19.2 20 20.8 

V 

V| = 23 V to 35 V, Iq = 5 mA to 350 mA, 

Tj = 0°C to 125°C 

19 21 

Input voltage regulation 

Iq = 200 mA 

V|=:23Vto35V 

10 100 

mV 

V| = 24 V to 35 V 

5 50 

Ripple rejection 

V| = 24Vto34V, f=120Hz 

Iq = 100 mA, 

Tj = 0°C to 125°C 

53 

dB 

Iq = 300 mA 

53 70 

Output voltage regulation 

Iq = 5 mA to 500 mA 

30 400 

mV 

Iq = 5 mA to 200 mA 

10 200 

Temperature coefficient of output voltage 

IO = 5mA, Tj = 0Xto125°C 

-1-1 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

110 

^iV 

Dropout voltage 


2 

V 

Bias current 


4.9 6 

mA 

Bias current change 

V| = 23Vto35V, lo = 200 mA, Tj = 0*^0 to 125°C 

0.8 

mA 

Iq = 5 mA to 350 mA, Tj = 0°C to 1 25°C 

0.5 

Short-circuit output current 

V| = 35V 

240 

mA 

Peak output current 


0.7 

A 


t All characteristics are measured with a 0.33-^F capacitor across the input and a 0.1-pF capacitor across the output. Pulse-testing techniques 
maintain Tj as close to Ta as possible. Thermal effects must be taken Into account separately. 

+ This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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^A78M00 SERIES 
POSITIVE-VOLTAGE REGULATORS 


SLVS059A-JUNE 1976 - REVISED AUGUST 1995 


electrical characteristics at specified virtual junction temperature, V| = 33 V, Iq = 350 mA, Tj = 25''C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

pA78M24C 

UNIT 

MIN TYP max 

Output voltage t 


23 24 25 

V 

V| = 27 V to 38 V, Iq = 5 mA to 350 mA, 

Tj = 0°C to 125°C 

22.8 25.2 

Input voltage regulation 

Iq = 200 mA 

V| = 27 V to 38 V 

10 100 

mV 

V| = 28 V to 38 V 

5 50 

Ripple rejection 

V| = 28Vto38V, f=120Hz 

Iq = 100 mA, 

Tj = 0°C to 125°C 

50 

dB 

Iq = 300 mA 

50 70 

Output voltage regulation 

Iq = 5 mA to 500 mA 

30 480 

mV 

Iq = 5 mA to 200 mA 

10 240 

Temperature coefficient of output voltage 

Iq = 5 mA, Tj = 0*^0 to 125®C 

-1.2 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

170 

pV 

Dropout voltage 


2 

V 

Bias current 


5 6 

mA 

Bias current change 

V| = 27 V to 38 V, Iq = 200 mA, Tj = 0°C to 125°C 

0.8 

mA 

Iq = 5 mA to 350 mA, Tj = 0°C to 125°C 

0.5 

Short-circuit output current 

V| = 35 V 

240 

mA 

Peak output current 


0.7 

A 


t All characteristics are measured with a 0.33 -m.F capacitor across the input and a 0.1-pF capacitor across the output. Pulse-testing techniques 
maintain Tj as close to as possible. Thermal effects must be taken into account separately. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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^A78M00 SERIES 
POSITIVE-VOLTAGE REGULATORS 


SLVS059A- JUNE 1976 - REVISED AUGUST 1995 


electrical characteristics at specified virtual junction temperature, V| = 10 V, Iq = 350 mA, Tj = 25''C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

|iA78M05Y 

UNIT 

MIN TYP MAX 

Output voltage t 


5 

V 

Input voltage regulation 

Iq = 200 mA 

V| = 7 V to 25 V 

3 

mV 

V| = 8 V to 25 V 

1 

Ripple rejection 

V| = 8Vto18V, lo = 300 mA, f = 120Hz 

80 

dB 

Output voltage regulation 

Iq = 5 mA to 500 mA 

20 

mV 

Iq = 5 mA to 200 mA 

10 

Temperature coefficient of output voltage 

Iq = 5 mA 

-1 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

40 

iiV 

Dropout voltage 


2 

V 

Bias current 


4.5 

mA 

Short-circuit output current 

V| = 35 V 

300 

mA 

Peak output current 


0.7 

A 


t All characteristics are measured with a 0.33-|iF capacitor across the input and a 0.1-pF capacitor across the output. Pulse-testing techniques 
maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately, 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 


electrical characteristics at specified virtual junction temperature, V| = 11 V, Iq = 350 mA, Tj = 25°C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

|iA78M06Y 

UNIT 

MIN TYP MAX 

Output voltage ^ 


6 

V 

Input voltage regulation 

Iq = 200 mA 

V| = 8 V to 25 V 

5 

mV 

V| = 9 Vto 25 V 

1.5 

Ripple rejection 

V| = 9Vto19V, lo = 300 mA, f=120Hz 

80 

dB 

Output voltage regulation 

Iq = 5 mA to 500 mA 

20 

mV 

Iq = 5 mA to 200 mA 

10 

Temperature coefficient of output voltage 

Iq = 5 mA 

-1 

mV/°C 

Output noise voltage 

f = 10Hz to 100 kHz 

45 

^iV 

Dropout voltage 


2 

V 

Bias current 


4.5 

mA 

Short-circuit output current 

V| = 35 V 

270 

mA 

Peak output current 


0.7 

A 


t All characteristics are measured with a 0.33-pF capacitor across the input and a 0.1-pF capacitor across the output. Pulse-testing techniques 
maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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IXA78M00 SERIES 
POSITIVE-VOLTAGE REGULATORS 


SLVS059A- JUNE 1976 - REVISED AUGUST 1995 


electrical characteristics at specified virtual junction temperature, V| = 14 V, Iq = 350 mA, Tj = 25''C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

pA78M08Y 

UNIT 

MIN TYP MAX 

Output voltage i 


8 

V 

Input voltage regulation 

Iq = 200 mA 

V| = 10.5 V to 25 V 

6 

mV 

V| = 11 V to 25 V 

2 

Ripple rejection 

V| = 11.5 V to 21.5 V, lo = 300 mA, f=120Hz 

80 

dB 

Output voltage regulation 

Iq = 5 mA to 500 mA 

25 

mV 

Iq = 5 mA to 200 mA 

10 

Temperature coefficient of output voltage 

Iq = 5 mA 

-1 

mVrC 

Output noise voltage 

f= 10 Hz to 100 kHz 

52 

pV 

Dropout voltage 


2 

V 

Bias current 


4.6 

mA 

Short-circuit output current 

V| = 35 V 

250 

mA 

Peak output current 


0.7 

A 


t All characteristics are measured with a 0.33-^iF capacitor across the input and a 0.1-pF capacitor across the output. Pulse-testing techniques 
maintain Tj as close to Ta as possible. Thermal effects must be taken Into account separately. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 


electrical characteristics at specified virtual junction temperature, V| = 16 V,lo = 350 mA, Tj = 25°C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

pA78M09Y 

UNIT 

MIN TYP MAX 

Output voltage t 


9 

V 

Input voltage regulation 

Iq = 200 mA 

V| = 11.5 Vto26V 

6 

mV 

V| = 12Vto26V 

2 

Ripple rejection 

V| = 13Vto23V, lo = 300mA, f = 120Hz 

80 

dB 

Output voltage regulation 

Iq = 5 mA to 500 mA 

25 

mV 

Iq = 5 mA to 200 mA 

10 

Temperature coefficient of output voltage 

IO = 5mA. Tj = 0Xto125°C 

-1 

mV/°C 

Output noise voltage 

f= 10 Hz to 100 kHz 

58 

pV 

Dropout voltage 


2 

V 

Bias current 


4.6 

mA 

Short-circuit output current 

V| = 35 V 

250 

mA 

Peak output current 


0.7 

A 


t All characteristics are measured with a 0.33 -|liF capacitor across the input and a 0.1-pF capacitor across the output. Pulse-testing techniques 
maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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^A78M00 SERIES 

POSITIVE-VOLTAGE REGULATORS 


SLVS059A- JUNE 1976 - REVISED AUGUST 1995 


electrical characteristics at specified virtuai junction temperature, V| = 17 V, Iq = 350 mA, Tj = 25''C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

pA78M10Y 

UNIT 

MIN TYP MAX 

Output voltage ^ 


10 

V 

Input voltage regulation 

Iq = 200 mA 

V| = 12.5 V to 28 V 

7 

mV 

V|=:14Vto28V 

2 

Ripple rejection 

V| = 15Vto25V, lo = 300 mA, f=120Hz 

80 

dB 

Output voltage regulation 

Iq = 5 mA to 500 mA 

25 

mV 

Iq = 5 mA to 200 mA 

10 

Temperature coefficient of output voltage 

Iq = 5 mA 

-1 

mV/°C 

Output noise voltage 

f= 10 Hz to 100 kHz 

64 

pV 

Dropout voltage 


2 

V 

Bias current 


4.7 

mA 

Short-circuit output current 

V| = 35 V 

245 

mA 

Peak output current 


0.7 

A 


t All characteristics are measured with a 0.33-^F capacitor across the input and a 0.1-pF capacitor across the output. Pulse-testing techniques 
maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 

electrical characteristics at specified virtual Junction temperature, V| = 9 V, Iq = 350 mA, Tj = 25''C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

PA78M12Y 

UNIT 

MIN TYP MAX 

Output voltage ^ 


12 

V 

Input voltage regulation 

Iq = 200 mA 

Vi = 14.5 Vto30V 

8 

mV 

V| = 16 V to 30 V 

2 

Ripple rejection 

V| = 15Vto25V, lo = 300mA, f=120Hz 

80 

dB 

Output voltage regulation 

Iq = 5 mA to 500 mA 

25 

mV 

Iq = 5 mA to 200 mA 

10 

Temperature coefficient of output voltage 

Iq = 5 mA 

-1 

mV/°C 

Output noise voltage 

f= 10 Hz to 100 kHz 

75 

pV 

Dropout voltage 


2 

V 

Bias current 


4.8 

mA 

Short-circuit output current 

V| = 35 V 

240 

mA 

Peak output current 


0.7 

A 


t All characteristics are measured with a 0.33-pF capacitor across the input and a 0.1 -pF capacitor across the output. Pulse-testing techniques 
maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately, 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 


^5^ Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


3-300 



























































































HA78M00 SERIES 
POSITIVE-VOLTAGE REGULATORS 


SLVS059A- JUNE 1976 - REVISED AUGUST 1995 


electrical characteristics at specified virtual junction temperature, V| = 23 V, Iq = 350 mA, Tj = 25°C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

PA78M15C 

UNIT 

MIN TYP MAX 

Output voltage ^ 


15 

V 

Input voltage regulation 

Iq = 200 mA 

V| = 17.5 V to 30 V 

10 

mV 

V| = 20Vto30V 

3 

Ripple rejection 

V( = 18.5 V to 28.5 V, lo = 300 mA, f=120Hz 

70 

dB 

Output voltage regulation 

Iq = 5 mA to 500 mA 

25 

mV 

Iq = 5 mA to 200 mA 

10 

Temperature coefficient of output voltage 

Iq = 5 mA 

-1 

mV/°C 

Output noise voltage 

f= 10 Hz to 100 kHz 

90 

pV 

Dropout voltage 


2 

V 

Bias current 


4.8 

mA 

Short-circuit output current 

V| = 35 V 

240 

mA 

Peak output current 


0.7 

A 


t All characteristics are measured with a 0.33-fiF capacitor across the input and a 0.1-pF capacitor across the output. Pulse-testing techniques 
maintain Tj as close to as possible. Thermal effects must be taken into account separately, 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 


electrical characteristics at specified virtual junction temperature, V| = 29 V, Iq = 350 mA, Tj = 25''C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

PA78M20C 

UNIT 

MIN TYP MAX 



20 

V 

input voltage regulation 

Iq = 200 mA 

V| = 23 V to 35 V 

10 

mV 

V| = 24Vto35 V 

5 

Ripple rejection 

V( = 24Vto34V, f= 120Hz, Iq = 300 mA 

70 

dB 

Output voltage regulation 

Iq = 5 mA to 500 mA 

30 

mV 

Iq = 5 mA to 200 mA 

10 

Temperature coefficient of output voltage 

Iq = 5 mA 

-1.1 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

110 

pV 

Dropout voltage 


2 

V 

Bias current 


4.9 

mA 

Short-circuit output current 

V| = 35 V 

240 

mA 

Peak output current 


0.7 

A 


t All characteristics are measured with a 0.33-pF capacitor across the input and a 0.1-pF capacitor across the output. Pulse-testing techniques 
maintain Tj as close to T^ as possible. Thermal effects must be taken into account separately, 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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^A78M00 SERIES 
POSITIVE-VOLTAGE REGULATORS 


SLVS059A- JUNE 1976 - REVISED AUGUST 1995 


electrical characteristics at specified virtuai junction temperature, V| = 33 V, Iq = 350 mA, Tj = 25'’C 
(uniess otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

11A78M24Y 

UNIT 

MIN TYP MAX 

Output voltage ^ 


24 

V 

input voltage regulation 

Iq = 200 mA 

V| = 27 V to 38 V 

10 

mV 

V| = 28 V to 38 V 

5 

Ripple rejection 

V| = 28Vto38V, lo = 300mA, f=120Hz 

70 

dB 

Output voltage regulation 

Iq = 5 mA to 500 mA 

30 

mV 

Iq = 5 mA to 200 mA 

10 

Temperature coefficient of output voltage 

Iq = 5 mA 

-1.2 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

170 

^iV 

Dropout voltage 


2 

V 

Bias current 


5 

mA 

Short-circuit output current 

V| = 35 V 

240 

mA 

Peak output current 


0.7 

A 


t All characteristics are measured with a 0.33 -m.F capacitor across the input and a 0.1-jiF capacitor across the output. Pulse-testing techniques 
maintain Tj as close to T/v as possible. Thermal effects must be taken into account separately. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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|aA79M00 SERIES 
NEGATIVE-VOLTAGE REGULATORS 


I • 3-Terminai Regulators 
I • Output Current Up to 500 mA 
I • No External Components 

• High Power Dissipation Capability 

• Internai Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

• Direct Replacements for Fairchild )liA 79M00 
Series 

description 

This series of fixed-negative-voltage monolithic 
integrated-circuit voltage regulators is designed to 
complement the pA78M00 series in a wide range 
of applications. These applications include 
on-card regulation for elimination of noise and 
distribution problems associated with single-point 
regulation. Each of these regulators can deliver 
up to 500 mA of output current. The internal 
current limiting and thermal shutdown features of 
these regulators make them essentially immune 
to overload. In addition to use as fixed-voltage 
regulators, these devices can be used with 
external components to obtain adjustable output 
voltages and currents and also as the power pass 
element In precision regulators. 


SLVS060A - JUNE 1976 - REVISED AUGUST 1995 


KC PACKAGE 
(TOP VIEW) 



The input terminal is in electrical 
contact with the mounting base. 




AVAILABLE OPTIONS 



Vo(nom) 

(V) 

PACKAGED DEVICES 

CHIP 

Ta 

HEAT-SINK MOUNTED 
(KC) 


FORM 

(Y) 


-5 

pA79M05CKC 

|xA79MP5CKtlP 

pA79M05Y 


-6 

pA79M06CKC 


^A79M06Y 


-8 

PA79M08CKC 


^A79M08Y 

0°C to125°C 

-12 

IXA79M12CKC 


|iA79M12Y 


-15 

pA79M15CKC 


pA79M15Y 


-20 

PA79M20CKC 

* ■.?^:^M20CKTP 

^A79M20Y 


-24 

pA79M24CKC 

jk79M24CKTP 

|iA79M24Y 


t The KTP package is only available in tape and reel. 


UNLESS OTHERWISE NOTED this document contains PRODUCTION 
DATA information current as of publication date. Products conform to 
specifications per the terms of Texas Instruments standard warranty. 
Production processing does not necessarily include testing of aii 
parameters. 
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schematic 
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^A79M00 SERIES 
NEGATIVE-VOLTAGE REGULATORS 


SLVS060A - JUNE 1976 - REVISED AUGUST 1995 

|liA79MxxY chip information 

This chip, when properly assembled, displays characteristics similar to the fxA79MxxC. Thermal compression 
or ultrasonic bonding can be used on the doped aluminum bonding pads. The chip can be mounted with 
conductive epoxy or a gold-silicon preform. 
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IIA79M00 SERIES 

NEGATIVE-VOLTAGE REGULATORS 


SLVS060A- JUNE 1976 - REVISED AUGUST 1995 


absolute maximum ratings over operating temperature range (unless otherwise noted)t 


1 . — 1 

pA79MxxC 

UNIT 

Input voltage 

pA79M20,1IA79M24 

-40 

V 

All others 

-35 

Continuous total power dissipation (see Note 1) 

See Dissipation Rating Tables 1 and 2 

Operating free-air, T^, case, Tq, or virtual junction, Tj, temperature range 

0 to 150 


Storage temperature range, Tstq 

-65 to 150 

°c 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

260 



t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


NOTE 1: To avoid exceeding the design maximum virtual junction temperature, these ratings should not be exceeded. Due to variations in 
Individual device electrical characteristics and thermal resistance, the built-in thermal overload protection may be activated at power 
levels slightly above or below the rated dissipation. 

DISSIPATION RATING TABLE 1-FREE-AIR TEMPERATURE 


PACKAGE 

Ta<25°C 

DERATING FACTOR 

Ta = 70°C 

Ta = 125°C 

POWER RATING 

ABOVE Ta = 25°C 

POWER RATING 

POWER RATING 

KC 

KTPt 

2000 mW 

16mW/°C 

1280 mW 

400 mW 


t The KTP package Is product preview only and derating Information is not yet available. 


DISSIPATION RATING TABLE 2-CASE TEMPERATURE 


PACKAGE 

Tc < 120X 

DERATING FACTOR 

Tc = 125X 

POWER RATING 

ABOVE Tc = 120°C 

POWER RATING 

KC 

KTPt 

7.5 W 

250 mW/°C 

6.25 W 


t The KTP package is product preview only and derating information is not yet available. 


recommended operating conditions 


i- - 1 

MIN 

MAX 

UNIT 


pA79M05C 

-7 

-25 



PA79M06C 

-8 

-25 



PA79M08C 

-10.5 

-25 


Input voltage, V| 

pA79M12C 

-14.5 

30 

V 


pA79M15C 

-17.5 

-30 



pA79M20C 

-23 

-35 



PA79M24C 

-27 

-38 


Output current, Iq 

500 

mA 

Operating virtual junction temperature, Tj 

0 

125 

°C 
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^A79M00 SERIES 
NEGATIVE-VOLTAGE REGULATORS 


SLVS060A-JUNE 1976-REVISED AUGUST 1995 

electrical characteristics at specified virtual junction temperature, V|=-10 V, Iq = 350 mA, Tj = 25''C 
(unless otherwise noted) 



t Pulse-testing techniques maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately. All characteristics are 
measured with a 2-|a.F capacitor across the input and a 1 -pF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 

electrical characteristics at specified virtual Junction temperature, V| = -11 V, Iq = 350 mA, Tj = 25°C 
(unless otherwise noted) 



t Pulse-testing techniques maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately. All characteristics are 
measured with a 2-pF capacitor across the input and a 1-pF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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|iA79M00 SERIES 

NEGATIVE-VOLTAGE REGULATORS 


SLVS060A - JUNE 1976 - REVISED AUGUST T 995 

electrical characteristics at specified virtual junction temperature, V|=-19 V, Iq = 350 mA, Tj = 25°C 
(unless otherwise noted) 



t Pulse-testing techniques maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately. All characteristics are 
measured with a 2-pF capacitor across the input and a 1-jiF capacitor across the output, 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 

electrical characteristics at specified virtual junction temperature, V|=-19 V, Iq = 350 mA, Tj = 25°C 
(unless otherwise noted) 



t Pulse-testing techniques maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately. All characteristics are 
measured with a 2-pF capacitor across the input and a 1 -|iF capacitor across the output, 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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^A79M00 SERIES 
NEGATIVE-VOLTAGE REGULATORS 


SLVS060A - JUNE 1976 - REVISED AUGUST 1995 


electrical characteristics at specified virtual junction temperature, V|=-23 V, Iq = 350 mA, Tj = 25''C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

pA79M15C 

UNIT 

MIN TYP MAX 

Output voltaget 


-14.4 -15 -15.6 

V 

V| = -17.5Vto-30 V, Io = 5 mA to 350 mA, 

Tj = 0°C to 125°C 

-14.25 -15.75 

Input voltage regulation 

V|=-17.5Vto-30 V 

o 

00 

Oi 

mV 

V|=-18 Vto-28V . 

7 50 

Ripple rejection 

V|=-18.5 V to-28.5 V, 
f=120 Hz 

Io = 100 mA, 

Tj = OX to 125X 

50 

dB 

Io = 300 mA 

54 59 

Output voltage regulation 

Iq = 5 mA to 500 mA 

65 240 

mV 

Iq = 5 mA to 350 mA 

45 

Temperature coefficient of output voltage 

Io = 5 mA, Tj = OX to 125°C 

-1 

mV/X 

Output noise voltage 

f = 10 Hz to 100 kHz 

375 

pV 

Dropout voltage 

Io = 5 mA 

1.1 

V 

Bias current 


1.5 3 

mA 

Bias current change 

V| = -17.5 V to -30 V, Tj = OX to 125X 

0.4 

mA 

Io = 5 mA to 350 mA, Tj = 0°C to 125°C 

0.4 

Short-circuit output current 

V| = -30V 

140 

mA 

Peak output current 


0.65 

A 


t Pulse-testing techniques maintain Tj as close to as possible. Thermal effects must be taken into account separately. All characteristics are 
measured with a 2-pF capacitor across the input and a l-p-F capacitor across the output. 
t This specification applies oniy for dc power dissipation permitted by absoiute maximum ratings. 


electrical characteristics at specified virtual Junction temperature, V|=-29 V, io = 350 mA, Tj = 25°C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

PA79M20C 

UNIT 

MIN TYP MAX 

Output voltage^ 


-19.2 -20 -20.8 

V 

V| = -23 V to -35 V, Iq = 5 mA to 350 mA, 
Tj = OX to 125X 

-19 -21 

Input voltage regulation 

V| = -23 V to -35 V 

12 80 

mV 

V|=-24Vto-34V 

10 70 

Ripple rejection 

V|=-24Vto-34V. 
f = 120 Hz 

Iq = 100 mA, 

Tj = 0X to 125X 

50 

dB 

Iq = 300 mA 

54 58 

Output voltage regulation 

Iq = 5 mA to 500 mA 

75 300 

mV 

Iq = 5 mA to 350 mA 

50 

Temperature coefficient of output voltage 

Iq = 5 mA, Tj = 0°C to 1 25°C 

-1 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

500 

pV 

Dropout voltage 


1.1 

V 

Bias current 


1.5 3.5 

mA 

Bias current change 

V| = -23 V to -35 V, Tj = OX to 125X 

0.4 

mA 

Iq = 5 mA to 350 mA, Tj = 0Xto125X 

0.4 

Short-circuit output current 

V|=-30V 

140 

mA 

Peak output current 


0.65 

A 


t Pulse-testing techniques maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately. All characteristics are 
measured with a 2-pF capacitor across the input and a 1 -pF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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^A79M00 SERIES 

NEGATIVE-VOLTAGE REGULATORS 


SLVS060A- JUNE 1976 - REVISED AUGUST 1995 


electrical characteristics at specified virtual junction temperature, V|=-33 V, Iq = 350 mA, Tj = 25''C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

|liA79M24C 

UNIT 

MIN TYP MAX 

Output voltaget 


-23 -24 -25 

V 

V| = -27 V to -38 V, Iq = 5 mA to 350 mA, 
Tj = OX to 125X 

-22.8 -25.2 

Input voltage regulation 

V|=-27Vto-38V 

o 

00 

CVI 

mV 

V| = -28 V to -38 V 

o 

<M 

Ripple rejection 

Vi=-28Vto-38V, 
f = 120 Hz 

Iq = 100 mA, 

Tj = 0Xto125X 

50 

dB 

Iq = 300 mA 

54 58 

Output voltage regulation 

Iq = 5 mA to 500 mA 

75 300 

mV 

Iq = 5 mA to 350 mA 

50 

Temperature coefficient of output voltage 

Iq = 5 mA, Tj = OX to 125X 

-1 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

600 

nv 

Dropout voltage 


1.1 

V 

Bias current 


1.5 3.5 

mA 

Bias current change 

V| = -27 V to -38 V, Tj = OX to 125X 

0.4 

mA 

Iq = 5 mA to 350 mA, Tj = 0°C to 125°C 

0.4 

Short-circuit output current 

V| = -30V 

140 

mA 

Peak output current 


0.65 

A 


t Pulse-testing techniques maintain Tj as close to as possible. Thermal effects must be taken Into account separately. All characteristics are 
measured with a 2-pF capacitor across the input and a 1 -|xF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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|iA79M00 SERIES 
NEGATIVE-VOLTAGE REGULATORS 


SLVS060A- JUNE 1976 - REVISED AUGUST 1995 


electrical characteristics at specified virtual junction temperature, V|=-10 V, Iq = 350 mA, Tj = 25°C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

PA79M05Y 

UNIT 

MIN TYP MAX 

Output voltage^ 


-5 

V 

Input voltage regulation 

V| = -7Vto-25V 

7 

mV 

V| = -8Vto-18V 

3 

Ripple rejection 

V|=-8Vto-18V, lo = 300 mA, f=120Hz 

60 

dB 

Output voltage regulation 

Iq = 5 mA to 500 mA 

75 

mV 

Iq = 5 mAto 350 mA 

50 

Temperature coefficient of output voltage 

Iq = 5 mA 

-0.4 

mV/°C 

Output noise voltage 

f= 10 Hz to 100 kHz 

125 

pV 

Dropout voltage 


1.1 

V 

Bias current 


1 

mA 

Short-circuit output current 

V)=-30V 

140 

mA 

Peak output current 


0.65 

A 


t Pulse-testing techniques maintain Tj as close to as possible. Thermal effects must be taken into account separately. All characteristics are 
measured with a 2-|iF capacitor across the input and a l-pF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 


electrical characteristics at specified virtual junction temperature, V|=-11 V, Iq = 350 mA, Tj = 25''C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

pA79M06Y 

UNIT 

MIN TYP MAX 

Output voltage^ 


-6 

V 

Input voltage regulation 

V| = -8 V to -25 V 

7 

mV 

V|=-9Vto-19V 

3 

Ripple rejection 

V|=-9Vto-19V, lo = 300 mA, f = 120Hz 

60 

dB 

Output voltage regulation 

Iq = 5 mA to 500 mA 

80 

mV 

Iq = 5 mA to 350 mA 

55 

Temperature coefficient of output voltage 

Iq = 5 mA 

-0.4 

mV/°C 

Output noise voltage 

f= 10 Hz to 100 kHz 

150 

pV 

Dropout voltage 


1.1 

V 

Bias current 


1 

mA 

Short-circuit output current 

V| = -30V 

140 

mA 

Peak output current 


0.65 

A 


t Pulse-testing techniques maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately. All characteristics are 
measured with a 2-pF capacitor across the input and a 1-pF capacitor across the output, 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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HA79M00 SERIES 

NEGATIVE-VOLTAGE REGULATORS 


SLVS060A- JUNE 1976 - REVISED AUGUST 1995 


electrical characteristics at specified virtuai junction temperature, V|=-19 V, Iq = 350 mA, Tj = 25'’C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

|iA79M08Y 

UNIT 

MIN TYP MAX 

Output voltage^ 


-8 

V 

Input voltage regulation 

V| =-10.5 V to-25 V 

8 

mV 

V|=-11 Vto-21 V 

4 

Ripple rejection 

V| = -11.5 V to -21.5 V, lo = 300 mA, f = 120 Hz 

59 

dB 

Output voltage regulation 

Iq - 5 mA to 500 mA 

90 

mV 

Iq = 5 mA to 350 mA 

60 

Temperature coefficient of output voltage 

Iq = 5 mA 

-0.6 

mV/X 

Output noise voltage 

f = 10 Hz to 100 kHz 

200 

^iV 

Dropout voltage 

Iq = 5 mA 

1.1 

V 

Bias current 


1 

mA 

Short-circuit output current 

V| = -30V 

140 

mA 

Peak output current 


0.65 

A 


t Pulse-testing techniques maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately. All characteristics are 
measured with a 2-pF capacitor across the input and a 1-|iF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 


eiectrical characteristics at specified virtual junction temperature, V|=-19 V, Iq = 350 mA, Tj = 25''C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

}xA79M12Y 

UNIT 

MIN TYP MAX 

Output voltage^ 


-12 

V 

Input voltage regulation 

V| =-14.5 V to-30 V 

9 

mV 

V|=-15Vto-25V 

5 

Ripple rejection 

V| = -15Vto-25V, lo = 300 mA, f = 120Hz 

60 

dB 

Output voltage regulation 

Iq = 5 mA to 500 mA 

65 

mV 

Iq = 5 mA to 350 mA 

45 

Temperature coefficient of output voltage 

Iq = 5 mA 

-0.8 

mv/°c 

Output noise voltage 

f = 10 Hz to 100 kHz 

300 

pV 

Dropout voltage 


1.1 

V 

Bias current 


1.5 

mA 

Short-circuit output current 

V|=-30 V 

140 

mA 

Peak output current 


0.65 

A 


t Pulse-testing techniques maintain Tj as close to Ta as possible. Thermal effects must be taken Into account separately. All characteristics are 
measured with a 2-pF capacitor across the input and a 1 -[iF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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HA79M00 SERIES 
NEGATIVE-VOLTAGE REGULATORS 


SLVS060A- JUNE 1976 - REVISED AUGUST 1995 


electrical characteristics at specified virtual junction temperature, V|=-23 V, Iq= 350 mA, Tj s 25°C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

pA79M15Y 

UNIT 

MIN TYP MAX 

Output voltage^ 


-15 

V 

Input voltage regulation 

V|=-17.5 V to-30 V 

9 

mV 

V|=-18Vto-28V 

7 

Ripple rejection 

V| = -18.5 V to -28.5 V. Iq = 300 mA. f = 120 Hz 

59 

dB 

Output voltage regulation 

Iq = 5 mA to 500 mA 

65 

mV 

Iq = 5 mA to 350 mA 

45 

Temperature coefficient of output voltage 

Iq = 5 mA 

-1 

mV/°C 

Output noise voltage 

f= 10 Hz to 100 kHz 

375 

tiV 

Dropout voltage 

Iq = 5 mA 

1.1 

V 

Bias current 


1.5 

mA 

Short-circuit output current 

V|=-30V 

140 

mA 

Peak output current 


0.65 

A 


t Pulse-testing techniques maintain Tj as close to T/\ as possible. Theimal effects must be taken into account separately. All characteristics are 
measured with a 2-|xF capacitor across the input and a 1-pF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 


electrical characteristics at specified virtual junction temperature, V|=-29 V, Iq = 350 mA, Tj = 25''C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

pA79M20Y 

UNIT 

MIN TYP MAX 

Output yoltage^ 


-20 

V 

Input voltage regulation 

V|=-23Vto-35V 

12 

mV 

Vj = -24Vto-34V 

10 

Ripple rejection 

V|=-24Vto-34V, lo = 300 mA, f = 120Hz 

58 

dB 

Output voltage regulation 

Iq = 5 mA to 500 mA 

75 

mV 

Iq = 5 mA to 350 mA 

50 

Temperature coefficient of output voltage 

Iq = 5 mA 

-1 

mV/°C 

Output noise voltage 

f= 10 Hz to 100 kHz 

500 

pV 

Dropout voltage 


1.1 

V 

Bias current 


1.5 

mA 

Short-circuit output current 

V|=-30V 

140 

mA 

Peak output current 


0.65 

A 


t Pulse-testing techniques maintain Tj as close to T/^ as possible. Thermal effects must be taken into account separately. All characteristics are 
measured with a 2-|iF capacitor across the input and a 1-pF capacitor across the output, 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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^A79M00 SERIES 

NEGATIVE-VOLTAGE REGULATORS 


SLVS060A-JUNE 1976- REVISED AUGUST 1995 


electrical characteristics at specified virtuai junction temperature, V| = -33 V, io = 350 mA, Tj = 25°C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

pA79M24Y 

UNIT 

MIN TYP MAX 

Output voltage^ 


-24 

v 

Input voltage regulation 

V| = -27 V to -38 V 

12 

mV 

Vi=-28Vto-38V 

12 

Ripple rejection 

V|=-28Vto-38V, lo = 300 mA, f=120Hz 

58 

dB 

Output voltage regulation 

Iq = 5 mA to 500 mA 

75 

mV 

Iq = 5 mA to 350 mA 

50 

Temperature coefficient of output voltage 

Iq = 5 mA, Tj = 0®C to 125°C 

-1 

mV/°C 

Output noise voltage 

f= 10 Hz to 100 kHz 

600 

pV 

Dropout voltage 


1.1 

V 

Bias current 


1.5 

mA 

Short-circuit output current 

V|=-30V 

140 

mA 

Peak output current 


0.65 

A 


t Pulse-testing techniques maintain Tj as close to T/\ as possible. Thermal effects must be taken into account separately. All characteristics are 
measured with a 2-p,F capacitor across the input and a 1 -pF capacitor across the output. 
t This specification applies only for dc power dissipation permitted by absolute maximum ratings. 
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SG2524, SG3524, SG3524Y 
REGULATING PULSE-WIDTH MODULATORS 


SLVS077A-APRIL 1977 - REVISED AUGUST 1995 


Complete PWM Power Control Circuitry 
Uncommitted Outputs for Single-Ended or 
Push-Pull Applications 
Low Standby Current... 8 mA Typ 
Interchangeable With Silicon Generai 
SG2524 and SG3524 


D OR N PACKAGE 
(TOP VIEW) 


description 


IN-[ 1 
IN-i- [ 2 
OSC OUT [ 3 
CURRLIM-i- [ 4 
CURR LIM- [ 5 
RT[ 6 
CT[ 7 
GND [ 8 


16] REF OUT 
15 ] Vcc 
14] EMIT 2 
13] COL 2 
! ] COL 1 
] EMIT 1 
) ] SHUTDOWN 
I ] COMP 


The SG2524 and SG3524 incorporate on single 
monolithic chips all the functions required In the 
construction of a regulating power supply, inverter, 
or switching regulator. They can also be used as 

the control element for high-power-output applications. The SG2524 and SG3524 were designed for switching 
regulators of either polarity, transformer-coupled dc-to-dc converters, transformerless voltage doublers, and 
polarity converter applications employing fixed-frequency, pulse-width-modulation (PWM) techniques. The 
complementary output allows either single-ended or push-pull application. Each device includes an on-chip 
regulator, error amplifier, programmable oscillator, pulse-steering flip-flop, two uncommitted pass transistors, 
a high-gain comparator, and current-limiting and shut-down circuitry. 

The SG2524 is characterized for operation from -25°C to 85°C, and the SG3524 is characterized for operation 
from 0°C to 70°C. 


AVAILABLE OPTIONS 


Ta 

INPUT 

REGULATION 
MAX (mV) 

PACKAGED DEVICES 

CHIP FORM 
(Y) 

SMALL OUTLINE 
(D) 

PLASTIC DIP 
(N) 

0°Cto70°C 

30 

SG3524D 

SG3524N 

SG3524Y 

-25°C to 85°C 

20 

SG2524D 

SG2524N 

— 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of aii parameters. 
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SG2524, SG3524, SG3524Y 
REGULATING PULSE-WIDTH MODULATORS 


SLVS077A - APRIL 1977 - REVISED AUGUST 1995 

SG3524Y chip information 


This chip, when properly assembled, displays characteristics similar to the SG3524. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum bonding pads. The chip may be mounted with 
conductive epoxy or a gold-silicon preform. 
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SG2524, SG3524, SG3524Y 
REGULATING PULSE-WIDTH MODULATORS 


SLVS077A - APRIL 1977 - REVISED AUGUST 1995 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage, Vqq (see Notes 1 and 2) .. . 40 V 

Collector output current, Ice.... ‘•00 

Reference output current, lo(ref) . ^0 mA 

Current through CT terminal ....-5 mA 

Continuous total power dissipation . See Dissipation Rating Table 

Operating free-air temperature range, 7^: SG2524 . -25°C to 85°C 

SG3524 .. 0°Cto70°C 

Storage temperature range, Tgtg ......— ~ 65°C to 150°C 

Lead temperature 1,6 mm (1/16 Inch) from case for 10 seconds .. 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values are with respect to network ground terminal. 

2. The reference regulator may be bypassed for operation from a fixed 5-V supply by connecting the Vqq and reference output pin both 
to the supply voltage. In this configuration, the maximum supply voltage is 6 V. 


DISSIPATION RATING TABLE 


PACKAGE 

Ta < 25°C 
POWER RATING 

DERATING FACTOR 

DERATE 
ABOVE Ta 

Ta = 70X 
POWER RATING 

Ta = 85°C 
POWER RATING 

N 

1000 mW 

9.2 mW/ °C 

4rc 

733 mW 

595 mW 

D 

950 mW 

7.6 mW/ °C 

25°C 

608 mW 

494 mW 


recommended operating conditions 



SG2524 

SG3524 

UNIT 


MIN 

MAX 

MIN 

MAX 

Supply voltage, Vqq 

8 

40 

8 

40 

V 

Reference output current 

0 

50 

0 

50 

mA 

Current through CT terminal 

-0.03 

-2 

-0.03 

-2 

mA 

Timing resistor, Rj 

1.8 

100 

1.8 

100 

kQ 

Timing capacitor, Cj 

0.001 

0.1 

0.001 

0.1 

pF 

Operating free-air temperature 

-25 

85 

0 

70 

°C 
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electrical characteristics over recommended operating free-air temperature range, Vqq = 20 V, f = 20 kHz 
(unless otherwise noted) 


reference section 


PARAMETER 

TEST CONDITIONSt 

SG2524 

SG3524 

SG3524Y 


MIN TYPf 

MAX 

MIN TYP+ 

MAX 

MIN TYP+ MAX 


Output voltage 


4.8 5 

5.2 

4.6 5 

5.4 

5 

V 

Input regulation 

Vcc = 8 V to 40 V 

10 

20 

10 

30 

10 

mV 

Ripple rejection 

f=120 Hz 

66 

66 

66 

dB 

Output regulation 

Iq = 0 mA to 20 mA 

20 

50 

20 

50 

20 

mV 

Output voltage change with temperature 

Ta = MIN to MAX 

0.3% 

1% 

0.3% 

1% 



Short-circuit output current§ 

o 

II 

> 

100 

100 

100 

mA 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
t All typical values, except for temperature coefficients, are at Ta = 25°C 

§ Standard deviation is a measure of the statistical distribution about the mean as derived from the formula: 


oscillator section 



N - 1 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
t All typical values, except for temperature coefficients, are at Ta = 25°C 

§ Standard deviation is a measure of the statistical distribution about the mean as derived from the formula: 




PARAMETER 

TEST CONDITIONSt 

SG2524, SG3524 

SG3524Y 

UNIT 

MIN TYPt MAX 

MIN TYP+ MAX 

fosc Oscillator frequency 

Cj = 0.001 pF, Rj = 2 kO 

450 

450 

kHz 

Standard deviation of frequency§ 

All values of voltage, temperature, 
resistance, and capacitance constant 

5% 

5% 


Afosc 

Frequency change with voltage 

Vcc = 8 V to 40 V, Ta = 25°C 

1% 

1% 


Frequency change with temperature 

Ta = MIN to MAX 

2% 



Output amplitude at OSC OUT 

Ta = 25°C 

3.5 

3.5 

V 

tyv Output pulse duration (width) at OSC OUT 

Cj = 0.01 pF, Ta = 25°C 

0.5 

0.5 

ps 


0 


N - 1 


SG2524, SG3524, SG3524Y 
REGULATING PULSE-WIDTH MODULATORS 















































































electrical characteristics over recommended operating free-air temperature range, Vcc = 20 V, f = 20 kHz 
(unless otherwise noted) 

error amplifier section 


PARAMETER 

TEST CONDITIONSt 

SG2524 

SG3524 

SG3524Y 

UNIT 

MIN TYP* MAX 

MIN TYP+ MAX 

MIN TYP+ MAX 

V|o Input offset voltage 

V|C = 2.5 V 

0.5 5 

2 10 

2 

mV 

l|B input bias current 

V|c = 2.5V 

2 10 

2 10 

2 

pA 

Open-loop voltage amplification 


72 80 

60 80 

80 

dB 



1.8 

1.8 



V|CR Common-mode input voltage range 

Ta = 25°C 

to 

to 


V 



3.4 

3.4 



CMMR Common-mode rejection ratio 


70 

70 

70 

dB 

B-j Unity-gain bandwidth 


3 

3 

3 

MHz 

Output swing 

Ta = 25°C 

0.5 3.8 

0.5 3.8 

0.5 3.8 

V 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
t All typical values, except for temperature coefficients, are at Ta = 25°C 

output section 


PARAMETER 

TEST CONDITIONSt 

SG2534, SG3524 

SG3524Y 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

V(BR)CE 

Collector-emitter breakdown voltage 


40 


V 

Collector off-state current | 

VcE = 40 V 

0.01 50 

0.01 

pA 

Vsat 

Collector-emitter saturation voltage 

IC = 50 mA 

1 2 

1 

V 

Vo 

Emitter output voltage 

Vc = 20 V, 
lE = -250pA 

17 18 

18 

V 

tr 

Turn-off voltage rise time 

RC = 2 kQ 

0.2 

0.2 

ps 

BBHI 

Turn-on voltage fall time 

RC = 2 kQ 

0.1 

0.1 

ps 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
t All typical values, except for temperature coefficients, are at Ta = 25°C 

comparator section 


PARAMETER 

TEST CONDITIONSt 

SG2534, SG3524 

SG3524Y 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

Maximum duty cycle, each output 


45% 



V| j Input threshold voltage at COMP 

Zero duty cycle 

1 

1 

V 

Maximum duty cycle 

3.5 

3.5 

I IB Input bias current 


-1 

-1 

pA 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
t All typical values, except for temperature coefficients, are at Ta = 25°C 


SG2524, SG3524, SG3524Y 
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electrical characteristics over recommended operating free-air temperature range, Vcc = 20 V, f = 20 kHz 
(unless otherwise noted) 

current limiting section 


PARAMETER 

TEST CONDITIONS 

SG2524 

SG3524 

SG3524Y 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

MIN TYPt MAX 

Vj Input voltage range (either input) 


-1 

to 

1 

-1 

to 

1 


V 

V(senSE) Sense voltage at Ta = 25°C 

Hi^H 

175 200 225 

175 200 225 

175 200 225 

mV 

Temperature coefficient of sense voltage 

0.2 

0.2 

0.2 

mV/°C 


t All typical values, except for temperature coefficients, are at Ta = 25°C. 

total device 


PARAMETER 

TEST CONDITIONS 

SG2524, SG3524 

SG3524Y 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

1st Standby current 

Vcc = ^0 V, IN-, CURR LIM+, Cj, GND, COMP, EMIT 1, EMIT 2 grounded 

IN + at 2 V, All other inputs and outputs open 

8 10 

8 

mA 


t All typical values, except for temperature coefficients, are at Ta = 25°C. 


SG2524, SG3524, SG3524Y 
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SG2524, SG3524, SG3524Y 
REGULATING PULSE-WIDTH MODULATORS 

SLVS077A- APRIL 1977 - REVISED AUGUST 1996 


PARAMETER MEASUREMENT INFORMATION 



Figure 1. General Test Circuit 


vcc 
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SG2524, SG3524, SG3524Y 
REGULATING PULSE-WIDTH MODULATORS 


SLVS077A-APRIL 1977 - REVISED AUGUST 1996 

TYPICAL CHARACTERISTICS 


OPEN-LOOP VOLTAGE AMPLIFICATION 
OF ERROR AMPLIFIER 
vs 


OSCILLATOR FREQUENCY 
vs 



Figure 3 Figure 4 

OUTPUT DEAD TIME 


vs 



0.001 0.004 0.01 0.04 0.1 

Cj ~ Timing Capacitance - ^iF 


Figure 5 
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SG2524, SG3524, SG3524Y 
REGULATING PULSE-WIDTH MODULATORS 

SLVS077A -APRIL 1977 - REVISED AUGUST 1996 

PRINCIPLES OF OPERATIONt 

The SG2524 is a fixed-frequency pulse-width-modulation voltage-regulator control circuit. The regulator operates at 
a fixed frequency that is programmed by one timing resistor, Rj, and one timing capacitor Cj. Rj establishes a 
constant charging current for Cj. This results in a linear voltage ramp at Cj, which is fed to the comparator providing 
linear control of the output pulse duration (width) by the error amplifier. The SG2524 contains an on-board 5-V 
regulator that serves as a reference as well as supplying the SG2524 internal regulator control circuitry. The internal 
reference voltage is divided externally by a resistor ladder network to provide a reference within the common-mode 
range of the error amplifier as shown in Figure 6, or an external reference may be used. The output is sensed by a 
second resistor divider network and the error signal is amplified. This voltage Is then compared to the linear voltage 
ramp at Cj. The resulting modulated pulse out of the high-gain comparator is then steered to the appropriate output 
pa$s transistor (Q1 or Q2) by the pulse-steering flip-flop, which is synchronously toggled by the oscillator output. The 
oscillator output pulse also serves as a blanking pulse to ensure both outputs are never on simultaneously during the 
transition times. The duration of the blanking pulse is controlled by the value of Cj. The outputs may be applied in 
a push-pull configuration In which their frequency is half that of the base oscillator, or paralleled for single-ended 
applications in which the frequency is equal to that of the oscillator. The output of the error amplifier shares a common 
input to the comparator with the curr-ent-limiting and shut-down circuitry and can be overridden by signals from either 
of these inputs. This common point is also available externally and may be employed to control the gain of, to 
compensate the error amplifier, or to provide additional control to the regulator. 


APPLICATION INFORMATIONt 


oscillator 


The oscillator controls the frequency of the SG2524 and is programmed by Rj and Cj as shown in Figure 4. 


1.30 

RtCt 


where Rj is in kn 
Ct is in pF 
f is in kHz 

Practical values of Cj fall between 0.001 and 0.1 pF. Practical values of Rj fall between 1.8 and 100 kQ. This 
results in a frequency range typically from 130 Hz to 722 kHz. 

blanking 

The output pulse of the oscillator is used as a blanking pulse at the output. This pulse duration is controlled by 
the value of Cj as shown in Figure 5. If small values of Cj are required, the oscillator output pulse duration may 
still be maintained by applying a shunt capacitance from OSC OUT to ground. 


synchronous operation 

When an external clock is desired, a clock pulse of approximately 3 V can be applied directly to the oscillator 
output terminal. The Impedance to ground at this point is approximately 2 kQ. In this configuration, Rj Cj must 
be selected for a clock period slightly greater than that of the external clock. 


t Throughout these discussions, references to the SG2524 apply also to the SG3524. 
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SG2524, SG3524, SG3524Y 
REGULATING PULSE-WIDTH MODULATORS 


SLVS077A - APRIL 1977 - REVISED AUGUST 1996 

APPLICATION INFORMATIONt 
synchronous operation (continued) 

If two or more SG2524 regulators are to be operated synchronously, all oscillator output terminals should be 
tied together. The oscillator programmed for the minimum clock period is the master from which all the other 
SG2524S operate. In this application, the CjRj values of the slaved regulators must be set for a period 
approximately 10% longer than that of the master regulator. In addition, Cj (master) = 2 Cj (slave) to ensure 
that the master output pulse, which occurs first, has a longer pulse duration and subsequently resets the slave 
regulators. 

voltage reference 

The 5-V internal reference may be employed by use of an external resistor divider network to establish a 
reference common-mode voltage range (1.8 V to 3.4 V) within the error amplifiers as shown in Figure 6, or an 
external reference may be applied directly to the error amplifier. For operation from a fixed 5-V supply, the 
Internal reference may be bypassed by applying the input voltage to both the Vqq and Vref terminals. In this 
configuration, however, the input voltage is limited to a maximum of 6 V. 



Figure 6. Error Amplifier Bias Circuits 


error amplifier 

The error amplifier is a differential-input transconductance amplifier. The output is available for dc gain control 
or ac phase compensation. The compensation node (COMP) is a high-impedance node (Rl = 5 MH). The gain 
of the amplifier is Av = (0.002 ^2 ~‘I)Rl and can easily be reduced from a nominal 10,000 by an external shunt 
resistance from COMP to ground. Refer to Figure 3 for data. 

compensation 

COMP, as discussed above, is made available for compensation. Since most output filters Introduce one or more 
additional poles at frequencies below 200 Hz, which is the pole of the uncompensated amplifier, introduction 
of a zero to cancel one of the output filter poles is desirable. This can best be accomplished with a series RC 
circuit from COMP to ground In the range of 50 kO. and 0.001 )lF. Other frequencies can be canceled by use 
of the formula f ~ 1/RC. 


t Throughout these discussions, references to the SG2524 apply also to the SG3524. 
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SG2524, SG3524, SG3524Y 
REGULATING PULSE-WIDTH MODULATORS 

SLVS077A-APRIL 1977 ~ REVISED AUGUST 1996 _ 


APPLICATION INFORMATIONt 


shut-down circuitry 

COMP can also be employed to introduce external control of the SG2524. Any circuit that can sink 200 |liA can 
pull the compensation terminal to ground and thus disable the SG2524. 

In addition to constant-current limiting, CURB LIM+ and CURR LIM- may also be used in transformer-coupled 
circuits to sense primary current and shorten an output pulse should transformer saturation occur. CURR LIM- 
may also be grounded to convert CURR LIM+ into an additional shut-down terminal. 

current iimiting 

A current-limiting sense amplifier is provided in the SG2524. The current-limiting sense amplifier exhibits a 
threshold of 200 mV ±25 mV and must be applied in the ground line since the voltage range of the inputs Is limited 
to 1 V to -1 V. Caution should be taken to ensure the -1 V limit Is not exceeded by either input, otherwise 
damage to the device may result. 

Foldback current limiting can be provided with the network shown in Figure 7. The current-limit schematic Is 
shown In Figure 8. 



( V R2 \ 
Ri + Raj 

. 200 mV 

'os - R3 


Figure 7. Foldback Current Limiting for Shorted Output Conditions 



Figure 8. Current-Limit Schematic 


t Throughout these discussions, references to the SG2524 apply also to the SG3524. 
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SG2524, SG3524, SG3524Y 
REGULATING PULSE-WIDTH MODULATORS 


^^^^^^^^^^^^^^^^^^^SlVS02A-APRIL1977-RE\flSEDAUQUST1^ 

APPLICATION INFORMATIONt 


output circuitry 

The SG2524 contains two identical npn transistors, the collectors and emitters of which are uncommitted. Each 
transistor has antisaturation circuitry that limits the current through that transistor to a maximum of 100 mA for 
fast response. 

generai 

There are a wide variety of output configurations possible when considering the application of the SG2624 as 
a voltage regulator control circuit. They can be segregated Into three basic categories: 

1. Capacitor-diode-coupled voltage multipliers 

2. Inductor-capacitor-implemented single-ended circuits 

3. Transformer-coupled circuits 

Examples of these categories are shown In Figures 9, 10 and 11 respectively. Detailed diagrams of specific 
applications are shown In Figures 12 through 15. 



Figure 9. Capacitor-Diode-Coupled Figure 10. Single-Ended Inductor Circuit 

Voltage-Multiplier Output Stages 


t Throughout these discussions, references to the SG2524 apply also to the SG3524. 
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SG2524, SG3524, SG3524Y 
REGULATING PULSE-WIDTH MODULATORS 


SLVS077A - APRIL 1977 - REVISED AUGUST 1996 



PUSH-PULL FLYBACK 

Figure 11. Transformer-Coupled Outputs 

Vcc = 15V 



Figure 12. Capacitor-Diode Output Circuit 


t Throughout these discussions, references to the SG2524 apply also to the SG3524. 
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SG2524, SG3524, SG3524Y 
REGUUTING PULSE-WIDTH MODULATORS 


SLVS077A - APRIL 1977 - REVISED AUGUST 1996 

APPLICATION INFORMATIONt 



15 V 

20 mA 

-15 V 


Figure 13. Flyback Converter Circuit 



t Throughout these discussions, references to the SG2524 apply also to the SG3524. 


Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


4-17 








SG2524, SG3524, SG3524Y 
REGULATING PULSE-WIDTH MODULATORS 


SLVS077A-APRIL 1977 - REVISED AUGUST 1996 



Figure 15. Push-Pull Transformer-Coupled Circuit 


t Throughout these discussions, references to the SG2524 apply also to the SG3524. 
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TL494C, TL494I, TL494M, TL494Y 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


SLVS074A - JANUARY 1983 - REVISED AUGUST 1995 


Complete PWM Power Control Circuitry 

Uncommitted Outputs for 200-mA Sink or 
Source Current 

Output Control Selects Single-Ended or 
Push-Pull Operation 

Internal Circuitry Prohibits Doubie Pulse at 
Either Output 

Variable Dead Time Provides Controi Over 
Total Range 

Internal Regulator Provides a Stable 5-V 
Reference Supply With 5% Tolerance 

Circuit Architecture Ailows Easy 
Synchronization 


description 


The TL494 incorporates on a single monolithic 
chip all the functions required in the construction 
of a pulse-width-modulation control circuit. 
Designed primarily for power supply control, this 
device offers the systems engineer the flexibility to 
tailor the power supply control circuitry to a 
specific application. 

The TL494 contains two error amplifiers, an 
on-chip adjustable oscillator, a dead-time control 
(DTC) comparator, a pulse-steering control 
flip-flop, a 5-V, 5%-precision regulator, and 
output-control circuits. 

The error amplifiers exhibit a common-mode 
voltage range from -0.3 V to Vqq -2 V. The 
dead-time control comparator has a fixed offset 
that provides approximately 5% dead time. The 
on-chip oscillator may be bypassed by terminating 
RT to the reference output and providing a 
sawtooth input to CT, or it may drive the common 
circuits in synchronous multiple-rail power 
supplies. 


TL494C, TL494I... D, N, OR PW PACKAGE 
TL494M ... J PACKAGE 
(TOP VIEW) 
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TL494M ... FK PACKAGE 
(TOP VIEW) 
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NC - No internal connection 


FUNCTION TABLE 


INPUT TO 
OUTPUT 
CTRL 

OUTPUT FUNCTION 

V| = GND 

Single-ended or parallel output 

V| = Vref 

Normal push-pull operation 


AVAILABLE OPTIONS 



1 PACKAGED DEVICES j 

SURFACE MOUNT 
(D)t 

CHIP CARRIER 
(FK) 

CERAMIC DIP 
(J) 

PLASTIC DIP 
(N) 

SHRINK 

SMALL OUTLINE 
(PW)+ 


TL494CD 


TL494ID 


TL494CN 


TL494IN 


0°C to TO^C 


-40°C to 85°C 


-55°Cto125°C — TL494MFK TL494MJ 


t The D package is available taped and reeled. Add R suffix to device type (e.g., TL494CDR). 
t The PW package is only available left-end taped and reeled. 



PRODUCTION DATA Information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of ail parameters. 


Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


Copyright © 1995, Texas Instruments Incorporated 
On products compliant to MIL>STD*883, Class B, all parameters are 
tested unless otherwise noted. On all other products, production 
processing does not necessarily include testing of all parameters. 























TL494C, TL494I, TL494M, TL494Y 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


SLVS074A - JANUARY 1983 - REVISED AUGUST 1995 


description (continued) 

The uncommitted output transistors provide either common-emitter or emitter-follower output capability. The 
TL494 provides for push-pull or single-ended output operation, which may be selected through the output- 
control function. The architecture of this device prohibits the possibility of either output being pulsed twice during 
push-pull operation. 

The TL494C is characterized for operation from 0°C to 70°C. The TL494I is characterized for operation from 
-40°C to 85°C. The TL494M is characterized for operation from -55°C to 125°C. 


functional block diagram 


OUTPUT CTRL 
(see Function Table) 



C1 

El 

C2 

E2 

Vcc 

REF 

GND 


NOTE A. The terminal numbers Indicated apply only to the D, J, N, and PW packages. 


Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


4-20 





TL494C, TL494I, TL494M, TL494Y 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


SLVS074A - JANUARY 1983 - REVISED AUGUST 1995 


TL494Y chip information 

This chip, when properly assembled, display characteristics similar to the TL494C. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be mounted with 
conductive epoxy or a gold-silicon preform. 
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TL494C, TL494I, TL494M, TL494Y 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 

SLVS074A- JANUARY 1983 - REVISED AUGUST 1995 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



TL494C 

TL494I 

TL494M 

UNIT 

Supply voltage, Vcc (see Note 1) 

41 

41 

41 

V 

Amplifier input voltage, V| 

Vcc+ 0-3 

Vcc + 0-3 

Vcc+ 0-3 

V 

Collector output voltage, Vq 

41 

41 

41 

V 

Collector output current, Iq 

250 

250 

250 

mA 

Continuous total power dissipation 

1 See Dissipation Rating Table | 

Operating free-air temperature range, T^ 

0 to 70 

-40 to 85 

-55 to 125 

1 1 

Storage temperature range, Tstq 

-65 to 150 

-65 to 150 

-65 to 150 

wsm 

Case temperature for 60 seconds, Tq: FK package 

— 

— 

260 

\ 1 

Lead temperature 1,6 mm (1/16 Inch) from case for 10 seconds: D, N, or PW 
package 

260 

260 

- 

mn 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: J package 

— 

— 

300 

1 1 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values, except differential voltages, are with respect to the network ground terminal. 


DISSIPATION RATING TABLE 


PACKAGE 

Ta<25°C 
POWER RATING 

DERATING 

FACTOR 

DERATE 
ABOVE Ta 

Ta = 70 °c 
POWER RATING 

Ta = 85°C 
POWER RATING 

Ta = 125°C 
POWER RATING 

D 

900 mW 

7.6 mW/°C 

25°C 

558 mW 

444 mW 

— 

FK 

1375mW 

11.0mW/°C 

25°C 

880 mW 

715 mW 

275 mW 

J 

1375 mW 

11.0 mW/X 

25°C 

880 mW 

715 mW 

275 mW 

N 

1000 mW 

9.2 mW/°C 

4^0 

733 mW 

595 mW 

— 

PW 

700 mW 

5.6mW/°C 

25°C 

448 mW 

— 

— 


recommended operating conditions 
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TL494C, TL494I, TL494M, TL494Y 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


SLVS074A- JANUARY 1983 - REVISED AUGUST 1995 


electrical characteristics over recommended operating free-air temperature range, Vqc = 15 V, 
f = 10 kHz (unless otherwise noted) 


reference section 


PARAMETER 

TEST CONDITIONSt 

TL494C, TL494i 

TL494M 

UNIT 

MIN 

TYPt 

MAX 

MIN TYPt 

MAX 

Output voltage (REF) 

O 

It 

1 

4.75 

5 

5.26 

4.75 5 

6.25 

V 

Input regulation 

Vcc = 7Vto40V 


2 

25 

2 

25 

mV 

Output regulation 

Iq * 1 mA to 10 mA 


1 

15 

1 

15 

mV 

Output voltage change with temperature 

ATA = MINtoMAX 


2 

10 

2 

30* 

mVA/ 

Short-circuit output current§ 

REF - 0 V 

26 

-25 

mA 


* On products compliant to MIL-STD-883, Class B, this parameter is not production tested. 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
t All typical values except for parameter changes with temperature are at Ta » 25®C. 

§ Duration of the short circuit should not exceed one second. 


oscillator section, Ct = 0.01 ^F, Rj = 12 kQ (see Figure 1) 


PARAMETER 

TEST CONDITIONSt 

TL494C, TL494I 

TL494M 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

Frequency 


10 

10 

kHz 

Standard deviation of frequency^ 

All values of Vcc. CT, RT, and Ta con¬ 
stant 

100 

100 

Hz/kHz 

Frequency change with voltage 

Vcc = 7 V to 40 V, Ta = 25‘»C 

1 

1 

Hz/kHz 

Frequency change with temperature# 

ATA = MINtoMAX 

10 

10* 

Hz/kHz 


* On products compliant to MIL-STD-883, Class B, this parameter is not production tested, 
t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
t All typical values except for parameter changes with temperature are at Ta = 25®C. 

^ Standard deviation is a measure of the statistical distribution about the mean as derived from the formula: 

^ Temperature coefficient of timing capacitor and timing resistor not taken into account. 0 


/ n 

Y N - 1 


X)2 


error amplifier section (see Figure 2) 


PARAMETER 

TEST CONDITIONS 

TL494C,TL494I 

TL494M 

UNIT 

MIN TYPt MAX 

Input offset voltage 

Vo (FEEDBACK) = 2.5 V 

2 10 

mV 

Input offset current 

Vo (FEEDBACK) = 2.5 V 

25 250 

nA 

Input bias current 

Vo (FEEDBACK) = 2.5 V 

0.2 1 

liA 

Common-mode input voltage range 

VcC = 7Vto40V 

-0.3 to 

VcC-2 

V 

Open-loop voltage amplification 

AVo = 3V, RL = 2ka, Vo = 0.5 V to 3.5 V 

70 95 

dB 

Unity-gain bandwidth 

Vo * 0.5 V to 3.6 V, RL * 2 ki^ 

800 

kHz 

Common-mode rejection ratio 

AVo = 40V, Ta»25“C 

65 80 

dB 

Output sink current (FEEDBACK) 

V|D * "15 mV to -5 V, V (FEEDBACK) = 0.7 V 

0.3 0.7 

mA 

Output source current (FEEDBACK) 

V|D = 15 mV to 5 V, V (FEEDBACK) = 3.5 V 

-2 

mA 


t All typical values except for parameter changes with temperature are at Ta = 25®C. 
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TL494C, TL494I, TL494M, TL494Y 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


SLVS074A- JANUARY 1983-REVISED AUGUST 1995 


electrical characteristics over recommended operating free-air temperature range, Vqq = 15 V, 
f = 10 kHz, T/v = 25X (unless otherwise noted) 


reference section 


PARAMETER 

TEST CONDITIONS 

TL494Y 

UNIT 

MIN TYPt MAX 

Output voltage (REF) 

Iq = 1 mA 

5 

V 

Input regulation 

Vcc = 7Vto40V 

2 

mV 

Output regulation 

Iq = 1 mA to 10 mA 

1 

mV 

Short-circuit output current^ 

REF = 0V 

25 

mA 


oscillator section, Cj = 0.01 jiF, Rj = 12 kQ (see Figure 1) 


PARAMETER 

TEST CONDITIONS 

TL494Y 

UNIT 

MIN TYPt MAX 

Frequency 


10 

kHz 

Standard deviation of frequency§ 

All values of Vqc, CT, RT, and Ta constant 

100 

Hz/kHz 

Frequency change with voltage 

VcC = 7Vto40V, Ta = 25°C 

1 

Hz/kHz 


error amplifier section (see Figure 2) 


PARAMETER 

TEST CONDITIONS 

TL494Y 

UNIT 

MIN TYPt MAX 

Input offset voltage 

Vq (FEEDBACK) = 2.5 V 

2 

mV 

Input offset current 

Vq (FEEDBACK) = 2.5 V 

25 

nA 

Input bias current 

Vq (FEEDBACK) = 2.5 V 

0.2 

pA 

Open-loop voltage amplification 

AVq = 3 V, Rl = 2 kQ, Vq = 0.5 V to 3.5 V 

95 

dB 

Unity-gain bandwidth 

Vq = 0.5 V to 3.5 V, RL = 2kQ 

800 

kHz 

Common-mode rejection ratio 

AVq = 40 V, Ta = 25°C 

80 

dB 

Output sink current (FEEDBACK) 

V|D = -15 mV to - 5 V, V (FEEDBACK) = 0.7 V 

0.7 

mA 


t All typical values except for parameter changes with temperature are at = 25°C. 
t Duration of the short circuit should not exceed one second. 

§ Standard deviation is a measure of the statistical distribution about the mean as derived from the formula: 

a 


' J (Xn - X)2 


N - 1 
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TL494C, TL494I, TL494M, TL494Y 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


SLVS074A - JANUARY 1983 - REVISED AUGUST 1995 


electrical characteristics over recommended operating free-air temperature range, Vqq = 15 V, 
f = 10 kHz (uniess otherwise noted) 

output section 


PARAMETER 


TEST CONDITIONS 

TL494C, TL494I 
TL494M, TL494Y 

UNIT 





MIN TYPt 

MAX 


Collector off-state current 

Vqe = 40 V, 

Vcc = 40 V 

2 

100 

pA 

Emitter off-state current 

Vcc = Vc = 40V, 

o 

II 

lij 

> 

-100 

pA 

Collector-emitter saturation voltage 

Common emitter 

ve = o, 

IC = 200 mA 

1.1 

1.3 

\/ 

Emitter follower 

V0(C1 orC 2 ) = 15V, 

Ie = -200 mA 

1.5 

2.5 

V 

Output control input current 

< 

II 

< 

3.5 

mA 


t All typical values except for temperature coefficient are at = 25°C. 

dead-time control section (see Figure 1) 


PARAMETER 

TEST CONDITIONS 

TL494C, TL494I 
TL494Y 

TL494M 

UNIT 



MIN TYPt MAX 

MIN TYPt 

MAX 


Input bias current (DEAD-TIME CTRL) 

V| = 0 to 5.25 V 

-2 -10 

-2 

-10 

pA 

Maximum duty cycle, each output 

V| (DEAD-TIME CTRL) = 0, 
CT = 0.1pF, RT=12kn 

45% 

45% 

50%* 


Input threshold voltage (DEAD-TIME CTRL) 

Zero duty cycle 

3 3.3 

3 

3.3 


Maximum duty cycle 

0 

0* 

V 


* On products compliant to MIL-STD-883, Class B, this parameter is not production tested, 
t All typical values except for temperature coefficient are at Ta = 25°C. 

PWM comparator section (see Figure 1) 


PARAMETER 

TEST CONDITIONS 

TL494C, TL494I 
TL494M, TL494Y 

UNIT 

MIN TYPt MAX 

Input threshold voltage (FEEDBACK) 

Zero duty cycle 

4 4.5 

V 

Input sink current (FEEDBACK) 

V (FEEDBACK) = 0.7 V 

0.3 0.7 

mA 


t All typical values except for temperature coefficient are at Ta = 25°C. 

total device 


PARAMETER 

TEST CONDITIONS 


TL494C, TL494I 
TL494Y 

TL494M 

UNIT 




MIN TYPt MAX 

MIN TYPt 

MAX 


Standby supply current 

RT = Vref, 

Vcc = 15 V 

6 10 

6 

21 

mA 

All other inputs and outputs open 

Vcc = 40 V 

9 15 

9 

26 

Average supply current 

V| (DEAD-TIME CTRL) = 2 V, 

See Figure 1 

7.5 

7.5 

mA 


t All typical values except for temperature coefficient are at Ta = 25°C. 
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TL494C, TL494I, TL494M, TL494Y 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


SLVS074A - JANUARY 1983 - REVISED AUGUST 1995 


electrical characteristics over recommended operating free-air temperature range, Voc = 15 V, 
f = 10 kHz (unless otherwise noted) (continued) 


switching characteristics, = 25''C 


PARAMETER 

TEST CONDITIONS 

TL494C, TL494I 
TL494Y 

TL494M 


UNIT 




UJQI 


MAX 


Rise time 

Common-emitter configuration, See Figure 3 

100 

200 

100 

200* 

ns 

Fall time 

25 

100 

25 

100* 

ns 

Rise time 

Emitter-follower configuration, See Figure 4 

100 

200 

100 

200* 

ns 

Fall time 

40 

100 

40 

100* 

ns 


* On products compliant to MIL-STD-883, Class B, this parameter is not production tested, 
t All typical values except for temperature coefficient are at Ta = 25®C. 
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TL494C, TL494I, TL494M, TL494Y 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


SLVS074A - JANUARY 1983 - REVISED AUGUST 1995 

PARAMETER MEASUREMENT INFORMATION 


Vcc = 15V 



—mno 





Figure 1. Operational Test Circuit and Waveforms 
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TL494C, TL494I, TL494M, TL494Y 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 

SLVS074A~ JANUARY 1983 - REVISED AUGUST 1995 , 


PARAMETER MEASUREMENT INFORMATION 



Figure 2. Amplifier Characteristics 


15V 



NOTE A. Cl includes probe and jig capacitance. 



Figure 3. Common-Emitter Configuration 


15 V 



TEST CIRCUIT 

NOTE A. Cl includes probe and jig capacitance. 



OUTPUT VOLTAGE WAVEFORM 


Figure 4. Emitter-Follower Configuration 
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TL494C, TL494I, TL494M, TL494Y 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 

SLVS074A- JANUARY 1983 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTICS 

OSCILLATOR FREQUENCY AND 
FREQUENCY VARIATIONt 
vs 



1 k 


4 k 10 k 40 k 100 k 400k 1M 
Rt - Timing Resistance - Q 


Figure 5 

t Frequency variation (Af) is the change in oscillator frequency that occurs over the full temperature range. 


AMPLIFIER VOLTAGE AMPLIFICATION 
vs 



f - Frequency ~ Hz 

Figure 6 
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TL496C, TL496Y 
9-V POWER-SUPPLY CONTROLLERS 


SLVS012B - AUGUST 1978 - REVISED AUGUST 1995 


• Internal Step-Up Switching Regulator 

• Fixed 9-V Output 

• Charges Battery Source During 
Transformer-Coupled-Input Operation 

• Minimum External Components Required 
(1 Inductor, 1 Capacitor, 1 Diode) 

• 1-or 2-Cell-lnput Operation 

description 

The TL496C power-supply control circuit is designed to provide a 9-V regulated supply from a variety of input 
sources. Operable from a 1- or 2-cell battery input, the TL496C performs as a switching regulator with the 
addition of a single inductor and filter capacitor. When ac coupled with a step-down transformer, the TL496C 
operates as a series regulator to maintain the regulated output voltage and, with the addition of a single catch 
diode, time shares to recharge the input batteries. 

The design of the TL496C allows minimal supply current drain during standby operation (125 pA typical). With 
most battery sources, this allows a constant bias to be maintained on the power supply. This makes power 
instantly available to the system, thus eliminating power-up sequencing problems. 



AVAILABLE OPTIONS 


PACKAGED DEVICES | 

CHIP 

Ta 

SURFACE MOUNT 
(D) 

PLASTIC DIP 

(P) 

FORM 

(Y) 

0°C to 70°C 

TL496CD 

TL496CP 

TL496Y 



NOTE 1: Terminals 5 and 7, though connected together internally, must both be terminated to ground to ensure proper circuit operation. 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 


Texas 

Instruments 
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TL496C, TL496Y 

9-VOLT POWER-SUPPLY CONTROLLERS 


SLVS012B - AUGUST 1978 - REVISED AUGUST 1995 


TL496Y chip information 

This chip, when properly assembled, displays characteristics similar to the TL496C. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be mounted with 
conductive epoxy or a gold-silicon preform. 



Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


4-32 
































































































































































































TL496C, TL496Y 
9-VOLT POWER-SUPPLY CONTOLLERS 


SLVS012B - AUGUST 1978 - REVISED AUGUST 1995 

absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)t 


Input voltage, V|:2C INPUT . 3.5 V 

1C INPUT . 2.5 V 

T INPUT . 20 V 

Output voltage, Vq (SW) . 12 V 

Diode reverse voltage (OUTPUT) ... 12 V 

Switch current (SW) . 1.2 A 

Diode current (OUTPUT) . 1.2 A 

Continuous total power dissipation . See Dissipation Rating Table 

Operating free-air temperature range, T^ . 0°C to 70°C 

Storage temperature range, Tgtg . “'65°C to 150°C 

Lead temperature 1,6 mm (1/16 Inch) from case for 10 seconds . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


DISSIPATION RATING TABLE 



Ta<25°C 

DERATING 

Ta = 70 °c 


POWER RATING 

FACTOR 

POWER RATING 

D 

725 mW 

5.8 mW/°C 

464 mW 

P 

1000 mW 

8.0 mW/°C 

640 mW 


recommended operating conditions 



MIN 

MAX 

UNIT 

Input voltage, one-cell operation (2C and 1C INPUTS to ground) 

1.1 

1.5 

v 

Input voltage, two-cell operation (2C INPUT to ground) 

2.3 

3 

V 

Input voltage, one-cell or two-cell operation (T INPUT to ground) 

Vo+2 

20 

V 
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TL496C, TL496Y 

9-VOLT POWER-SUPPLY eONTROLLERS 


SLVS012B - AUGUST 1978 - REVISED AUGUST 1995 


electrical characteristics over recommended operating conditions, = 25''C (unless otherwise 
noted) 

series regulator section (T INPUT) 


PARAMETER 

1 TEST CONDITIONS | 

MIN 

TYP 

MAX 

UNIT 

Dropout voltage 

1 V| = 5 V, 

Iq = -50 mA 



1.5 

2 

V 


Vj = 20 V, 

Iq = -50 m,A 

9.5 

10.1 

11.2 


Regulated output voltage 

Iq = -80 mA 

9 

10 

11 


1 V| = 20 V, 


lO = 

8.5 

9 

9.7 

V 


1 FEEDBACK shorted to OUTPUT 

Iq = -80 mA 

6.7 

8.6 

9.5 


Standby current, T INPUT 

V| = 20 V, 

OUTPUT = 12 V 

400 

^A 

Reverse current through T INPUT 

V|=-1.5V, 

1 mA into OUTPUT 

-25 



output switch 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

VcE(sat) 1 Collector-emitter saturation voltage 

800 mA Into SW, 2C INPUT = 2.25 V 

0.35 0.6 

V 


diode (SW to OUTPUT) 



control section 
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TL496C, TL496Y 
9-VOLT POWER-SUPPLY CONTOLLERS 


SLVS012B - AUGUST 1978 - REVISED AUGUST 1995 

APPLICATION INFORMATION 


L 



Figure 1. One-Cell Operation 


CIRCUIT COMPONENT INFORMATION 



Figure 2. Two-Cell Operation 


electrical characteristics for one- and two-cell input operations 


PARAMETER 

ONE-CELL OPERATION 

TWO-CELL OPERATION 

(see Figure 1) 

(see Figure 2) 

Input current 

No load 

125pA 

125 pA 

Rl= 120a 

525 mA 

405 mA 

Output voltage 

No ac input 

7.2 V 

8.6 V 

With ac input 

8.6 V 

10V 

Output current capability 

40 mA 

80 mA 

Efficiency 

66% 

66% 

Battery life (AA NiCad) no load 

60 days 

166 days 


Texas 

Instruments 

POST OFFICE BOX 655303 • DALUS, TEXAS 75265 


4-35 






























TL496C, TL496Y 

9-VOLT POWER-SUPPLY CONTROLLERS 


SLVS012B - AUGUST 1978 - REVISED AUGUST 1995 


functional description 

The TL496C is designed to operate from either a single-cell or two-cell battery source. To operate the device 
from a single cell (1.1 V to 1.5 V), the source must be connected to both inputs 1C INPUT and 2C INPUT as 
shown in Figure 1. For a two-cell operation (2.3 V to 3 V), the input is applied to 2C INPUT only and 1C INPUT 
is left open (see Figure 2). 

battery operation 

The TL496C operates as a switching regulator from a battery input. The cycle is initiated when a low-voltage 
condition is sensed by the internal feedback (the thresholds at terminals 1 and 8 are approximately 7.2 and 8.6 V 
respectively). An Internal latch is set and the output transistor is turned on. This causes the current in the external 
inductor (L) to increase linearly until it reaches a peak value of approximately 1 A. When the peak current is 
sensed, the internal latch is reset and the output transistor is turned off. The energy developed in the inductor 
is then delivered to the output storage capacitor through the blocking diode. The latch remains In the off state 
until the feedback signal indicates the output voltage Is again deficient. 

transformer-coupled operation 

The TL496C operates on alternate half cycles of the ac input during transformer-coupled operation to first 
sustain the output voltage and second to recharge the batteries. The TL496C performs like a series regulator 
to supply charge to the output filter/storage capacitor during the first half cycle. The output voltage of the series 
regulator is slightly higher than that created by the switching circuit. This maintains the feedback voltage above 
the switching regulator control circuit threshold, effectively Inhibiting the switching control circuitry. During the 
second half cycle, an external diode (1N4001) is used to clamp the negative-going end of the transformer 
secondary to ground, thus allowing the positive-going end (end connected to V-i- side of battery) to pump a 
charge into the standby batteries. 
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TL497AC, TL497AI, TL497AY 
SWITCHING VOLTAGE REGULATORS 


• High Efficiency ... 60% or Greater 

• Output Current... 500 mA 

• Input Current Limit Protection 

• TTL-Compatible Inhibit 

• Adjustable Output Voltage 

• Input Regulation ... 0.2% Typ 

• Output Reguiation ... 0.4% Typ 


SLVS009C - JUNE 1976 - REVISED AUGUST 1995 


TL497AC, TL497AI... D, N, OR PW PACKAGE 
(TOP VIEW) 


fcOMP INPUT[ 
INHIBIT[ 
FREQ CONTROL[ 
SUBSTRATE[ 
GND[ 
CATHODE[ 
ANODE[ 



Vcc 

CUR LIM SENS 
BASE DRIVEt 
BASEt 
COL OUT 
NC 

EMIT OUT 


• Soft Start-Up Capability 


NC - No internal connection 

t BASE (11) and BASE DRIVE (12) are used for device testing only. 
They are not normally used in circuit applications of the device. 


description 

The TL497AC and TL497AI incorporate on a single monolithic chip all the active functions required in the 
construction of switching voltage regulators. They can also be used as the control element to drive external 
components for high-power-output applications. The TL497AC and TL497AI were designed for ease of use in 
step-up, step-down, or voltage inversion applications requiring high efficiency. 

The TL497AC and TL497AI are fixed-on-time variable-frequency switching-voltage-regulator control circuits. 
The switch-on time is programmed by a single external capacitor connected between FREQ CONTROL and 
GND. This capacitor, Cj, is charged by an internal constant-current generator to a predetermined threshold. The 
charging current and the threshold vary proportionally with Vqq. Thus, the switch-on time remains constant over 
the specified range of input voltage (4.5 V to 12 V). Typical on times for various values of Cj are as follows: 


TIMING CAPACITOR, Cj (pF) 

200 

250 

350 

400 

500 

750 

1000 

1500 

2000 

ON TIME (^is) 

19 

22 

26 

32 

44 

56 

80 

120 

180 


The output voltage is controlled by an external resistor ladder network (R1 and R2 in Figures 1,2, and 3) that 
provides a feedback voltage to the comparator input. This feedback voltage is compared to the reference 
voltage of 1.2 V (relative to SUBSTRATE) by the high-gain comparator. When the output voltage decays below 
the value required to maintain 1.2 V at the comparator input, the comparator enables the oscillator circuit, which 
charges and discharges Cj as described above. The Internal pass transistor is driven on during the charging 
of Cj. The internal transistor may be used directly for switching currents up to 500 mA. Its collector and emitter 
are uncommitted, and it is current driven to allow operation from the positive supply voltage or ground. An 
Internal Schottky diode matched to the current characteristics of the internal transistor is also available for 
blocking or commutating purposes. The TL497AC and TL497AI also have on-chip current-limit circuitry that 
senses the peak currents in the switching regulator and protects the inductor against saturation and the pass 
transistor against overstress. The current limit is adjustable and is programmed by a single sense resistor, Rql, 
connected between Vqq and CUR LIM SENS. The current-limit circuitry is activated when 0.7 V is developed 
across Rqi_. External gating is provided by the INHIBIT input. When the INHIBIT input is high, the output is turned 
off. 


AVAILABLE OPTIONS 


Ta 

PACKAGED DEVICES | 

CHIP 

FORM 

(Y) 

SURFACE MOUNT 
(D) 

PLASTIC DIP 
(N) 

SHRINK 

SMALL OUTLINE 
(PW) 

0°C to 70°C 

TL497ACD 

TL497ACN 

TL497ACPW 

TL497AY 

-40°C to 85°C 

TL497AID 

TL497AIN 

— 

— 


PRODUCTION DATA information is current as of pubiication date. 
Products conform to specifications per the terms of Texas instruments 
standard warranty. Production processing does not necessarily include 
testing of aii parameters. 
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TL497AC, TL497AI, TL497AY 
SWITCHING VOLTAGE REGULATORS 


SLVS009C-JUNE 1976-REVISED AUGUST 1995 

description (continued) 

Simplicity of design is a primary feature of the TL497AC and TL497AI. With only six external components (three 
resistors, two capacitors, and one inductor), the TL497AC and TL497AI operates In numerous voltage 
conversion applications (step-up, step-down, invert) with as much as 85% of the source power delivered to the 
load. The TL497AC and TL497AI replace the TL497 In all applications. 

The TL497AC Is characterized for operation from 0°C to 70°C, and the TL497AI Is characterized for operation 
from-40°C to 85°C. 

functional block diagram 

BASEt 
BASE DRIVEt 

CUR LIM SENS 

FREQ CONTROL 
INHIBIT 
COMP INPUT 

SUBSTRATE 

CATHODE 

t BASE and BASE DRIVE are used for device testing only. They are not normally used in circuit applications of the device. 
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TL497AC, TL497AI, TL497AY 
SWITCHING VOLTAGE REGULATORS 


SLVS009C - JUNE 1976 - REVISED AUGUST 1995 


TL497AY chip information 

This chip, when properly assembled, displays characteristics similar to the TL497AC. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be mounted with 
conductive epoxy or a gold-silicon preform. 


BONDING PAD ASSIGNMENTS 



CHIP THICKNESS: 15 MILS TYPICAL 
BONDING PADS: 4x4 MILS MINIMUM 
Tjmax= 150°C 
TOLERANCES ARE ±10% 


ALL DIMENSIONS ARE IN MILS 


TI'|TI1T|TITI'|MT1T|TITI'|MTIT|TNT|TITI'|TIMT|TI'I'I'|'1'I'I'I'|'I'I' 


CUR 

LIM BASE 
SENS DRIVEt BASEt 

1(13) 1(12) 1(11) 

FREQ CONTROL ^ 

INHIBIT 

COMP INPUT TL497AY 

(4) 

SUBSTRATE 

CATHODE — _________ 


ANODE 


tBASE (11) and BASE DRIVE (12) are used for device testing 
only. They are not normally used in circuit applications of the 
device. 
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TL497AC, TL497AI, TL497AY 
SWITCHING VOLTAGE REGULATORS 


SLVS009C-JUNE 1976 - REVISED AUGUST 1995 


absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)t 


Supply voltage, Vqq (see Note 1) . . 

Output voltage^ Vq .. 

Input voltage, V|(COMP INPUT) .. 

Input voltage, V| (INHIBIT) .. . 

Diode reverse voltage .... 

Power switch current ...... 

Diode forward current ........ 

Continuous total power dissipation ..._ .......... . T..... 

Operating free-air temperature range, T^: TL497AC ........ 

TL497AI ......... 

Storage temperature range, Tgtg ..... 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 


... 15V 

... 35 V 

. 5V 

.. 5V 

... 35 V 

. 750 mA 

. 750 mA 

See Dissipation Rating Table 

. 0°Cto70°C 

...-40°C to 85°C 

. -65°Cto150°C 

.. 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values except diode voltages are with respect to network ground terminal. 


DISSIPATION RATING TABLE 


PACKAGE 

Ta<25°C 
POWER RATING 

DERATING 

FACTOR 

DERATE 
ABOVE Ta 

Ta = 70°C 
POWER RATING 

Ta = 85X 
POWER RATING 

D 

950 mW 

7.6 mW/°C 

25°C 

608 mW 

494 mW 

N 

1000 mW 

9.2 mW/°C 

4rc 

733 mW 

595 mW 

PW 

700 mW 

5.6 mW/°C 

25°C 

448 mW 

— 


recommended operating conditions 



MIN MAX 

UNIT 

Supply voltage, Vqq 

4.5 12 

V 

High-level Input voltage, V|h, INHIBIT 

2.5 

V 

Low-level Input voltage, V|l^ INHIBIT 

0.8 

V 

Output voltage 

Step-up configuration (see Figure 1) 

V| + 2 30 

V 

Step-down configuration (see Figure 2) 

Vref V|-1 

Inverting regulator (see Figure 3) 

-Vref -25 

Power switch current 

500 

mA 

Diode forward current 

500 

mA 

Operating free-air temperature, Ta 

TL497AC 

0 70 

°C 

TL497AI 

in 

oo 

o 

1 
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TL497AC, TL497AI, TL497AY 
SWITCHING VOLTAGE REGULATORS 

SLVS009C - JUNE 1976 - REVISED AUGUST 1995 


electrical characteristics over recommended operating conditions, Vqq = 6 V (unless otherwise 
noted) 


PARAMETER 

HHHPPIPIIHl 


1 TL497AC 

1 TL497AI 1 

UNIT 

BHIii 


MIN 

TYP+ 

MAX 

MIN TYP+ 

MAX 

High-level input current, INHIBIT 

|V|(|) = 5V I 



0.8 

1.5 

0.8 

1.5 

mA 

Low-level input current, INHIBIT 

< 

II 

o 

< 

Full range 


5 

10 

5 

20 

pA 

Comparator reference voltage 

I V| = 4.5 V to 6 V I 

Full range 

1.08 

1.2 

1.32 

1.14 1.2 

1.26 

V 

Comparator input bias current 

> 

CD 

II 

> 

Full range 


40 

100 

40 

100 

pA 

Switch on-state voltage 

V| = 4.5 V 

Iq = 100 mA 

25°C 


0.13 

0.2 

0.13 

0.2 


Iq = 500 mA 

Full range 

1 0.85 

1 1 


Switch off-state current 

V| = 4.5 V, 

Vq = 30 V 

25°C 


10 

50 

I ■'0 

50 

pA 

Full range 

1 200 

I 500 

Sense voltage, CUR LIM SENS 

> 

CD 

II 

25°C 

0.45 


1 

0.45 

1 

V 


Iq = 10 mA 

Full range 


0.75 

0.85 

0.75 

0.95 


Diode forward voltage 

Iq = 100 mA 

Full range 


0.9 

1 

0.9 

1.1 

V 


Iq = 500 mA 

Full range 


1.33 

1.55 

1.33 

1.75 


Diode reverse voltage 

Iq = 500 |liA 

Full range 


30 


Iq = 200 pA 

Full range 

30 


V 

On-state supply current 



25°C 


11 

14 

1 

14 

mA 



Full range 

1 

1 

Off-state supply current 



25°C 


6 

9 

I 6 

9 

mA 



Full range 

1 10 1 

I 


t Full range for the TL497AC is 0°C to 70°C and full range for the TL497AI is -40®C to 85°C. 
t All typical values are at T/\ = 25”C. 


electrical characteristics over recommended operating conditions, Vqq = 6 V, = 25°C (unless 
otherwise noted) 


PARAMETER 


High-level input current, INHIBIT 


Low-level input current, INHIBIT 


Comparator reference voltage 


Comparator input bias current 


Switch on-state voltage 


Switch off-state current 


Diode forward voltage 


On-state supply current 


Off-state supply current 



TL497AY I 

TEST CONDITIONS 

■,lll»iM!»!ll 

V|(|) = 5V 

0.8 

V|(|) = 0V 

5 

Vj = 4.5 V to 6 V 

1.2 

< 

II 

o> 

< 

40 

V| = 4.5V, lo = 100 mA 

0.13 

V| = 4.5 V, Vq = 30 V 

10 

Iq = 10 mA 

0.75 

Iq = 100 mA 

0.9 

Iq = 500 mA 

1.33 
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TL497AC, TL497AI, TL497AY 
SWITCHING VOLTAGE REGULATORS 

SLVS009C - JUNE 1976 - REVISED AUGUST 1995 


APPLICATION INFORMATION 


Rcl l 



(Peak Switching Current = I(PK) < 500 mA) 


Rcl l 



EXTENPED POWER CONFIGURATION 
(using external transistor) 


DESIGN EQUATIONS 

rv 

• '(PK) ~ ^ iQ^ax 

V| 

• L (^H) = T-^ton (|is) 

'(PK) 

Choose L (50 to 500 jxH), calculate 
ton (25 to 150 ns) 

• C^(pF) « 12 ton (|AS) 

• R1 = (Vq - 1.2) kQ 

A 

Vq '(PK) 'o 

• '"o Vrtpp|; (Pk) 


^CL “ 


0.5 V 
'(PK) 


Figure 1. Positive Reguiator, Step-Up Configurations 
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TL497AC, TL497AI, TL497AY 
SWITCHING VOLTAGE REGULATORS 


SLVS009C - JUNE 1976 - REVISED AUGUST 1995 


Rcl 


APPLICATION INFORMATION 

L 



DESIGN EQUATIONS 

'(PK) = ^ 'o'' 


• L (^iH) = 


V|-Vo 


(PK) 


ton(>^s) 


BASIC CONFIGURATION 
(Peak Switching Current = l(pK) < 500 mA) 


Choose L (50 to 500 ^iH), calculate 
ton (10 to 150 [is) 


• Cj(pF) — 12 ton([^s) 

• R1 = (Vq - 1.2) kQ 



. ''o 


'(PK) 'O 


tipple (PK) 


EXTENDED POWER CONFIGURATION 
(using external transistor) 

Figure 2. Positive Reguiator, Step-Down Configurations 
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TL497AC, TL497AI, TL497AY 
SWITCHING VOLTAGE REGULATORS 


SLVS009C - JUNE 1976 - REVISED AUGUST 1995 

APPLICATION INFORMATION 


Rcl l 




DESIGN EQUATIONS 


• \PK) 


2 iQmaxI 1 



• L (nH) = 

'(PK) 


Choose L (50 to 500 ^iH), calculate 
ton (10 to 150 IIS) 

• C^(pF) - 12 ton(lAS) 


R1 = 
^CL 



0.5 V 
'(PK) 


1 . 2 ) 


• Cq (^F) — ton(M^s) 


kQ 


V| 

'(PK) + 'O 
^ripple (PK) 


EXTENDED POWER CONFIGURATION 
(using external transistor) 

t Use external catch-diode, e.g., 1N4001, when building an inverting supply with the TL497A. 

Figure 3. Inverting Applications 
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TL497AC, TL497AI, TL497AY 
SWITCHING VOLTAGE REGULATORS 


SLVS009C - JUNE 1976 - REVISED AUGUST 1995 

APPLICATION INFORMATION 



EXTENDED INPUT CONFIGURATION WITHOUT CURRENT LIMIT 



CURRENT LIMIT FOR EXTENDED INPUT CONFIGURATION 

Figure 4. Extended Input Voltage Range (V| > 12 V) 
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TL499AC TL499AY 
WIDE-RANGE POWER SUPPLY CONTROLLERS 


SLVS029B - JANUARY 1984 - REVISED AUGUST 1995 


• Internal Series-Pass and Step-Up Switching 
Regulator 

• Output Adjustable From 2.9 V to 30 V 

• 1-V to 10-V Input for Switching Regulator 

• 4.5-V to 32-V Input for Series Regulator 

• Externally-Controlled Switching Current 

• No External Rectifier Required 

description 

The TL499AC is a monolithic integrated circuit designed to provide a wide range of adjustable regulated supply 
voltages. The regulated output voltage is adjustable from 2.9 V to 30 V by adjusting two external resistors. When 
the TL499AC is ac-coupled to line power through a step-down transformer, it operates as a series dc voltage 
regulator to maintain the regulated output voltage. With the addition of a battery from 1.1 V to 10 V, an inductor, 
a filter capacitor, and two resistors, the TL499AC operates as a step-up switching regulator during an ac-line 
failure. 

The adjustable regulated output voltage makes the TL499AC useful for a wide range of applications. Providing 
backup power during an ac-line failure makes the TL499AC extremely useful in microprocessor memory 
applications. 

The TL499AC Is designed for operation from -20°C to 85°C. 


D OR P PACKAGE 
(TOP VIEW) 


SERIES IN1[ 
REF[ 
SW REG IN2[ 
SW CURRENT CTRL[ 


8 ] OUTPUT 
7 ] GND (PWR) 
6 1 SW IN 



AVAILABLE OPTIONS 



PACKAGED DEVICES | 

CHIP 

Ta 

SURFACE MOUNT 
(D) 

PLASTIC DIP 
(P) 

FORM 

(Y) 

-20°C to 85*^0 

TL499ACD 

TL499ACP 

TL499AY 


functional block diagram 



PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of ail parameters. 
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TL499AC TL499AY 

WIDE-RANGE POWER SUPPLY CONTROLLERS 


SLVS029B - JANUARY 1984 - REVISED AUGUST 1995 


TL499AY chip information 

This chip, when properly assembled, displays characteristics similar to the TL499AC. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be mounted with 
conductive epoxy or a gold-silicon preform. 
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TL499AC TL499AY 
WIDE-RANGE POWER SUPPLY CONTROLLERS 


SLVS029B-JANUARY 1984-REVISED AUGUST 1995 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Output voltage, Vq (see Note 1) . 35 V 

Input voltage, series regulator, V|1 35 V 

Input voltage, switching regulator, V|2 . 10 V 

Blocking diode reverse voltage . 35 V 

Blocking diode forward current . 1 A 

Power switch current (SW IN) . 1 A 

Continuous total power dissipation ... See Dissipation Rating Table 

Operating free-air temperature range, . -20°C to 85°C 

Storage temperature range, Tgtg . -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1; All voltage values are with respect to network ground terminal. 


DISSIPATION RATING TABLE 



Ta < 25°C 

DERATING FACTOR 

Ta = 85X 


POWER RATING 

ABOVE Ta = 25°C 

POWER RATING 

D 

825 mW 

6.6 mW/°C 

429 mW 

P 

1000 mW 

8 mW/X 

520 mW 


recommended operating conditions 


' 

MIN NOM 

MAX 

UNIT 

Output voltage, Vq 

2.9 

30 

V 

Input voltage, V|1 (SERIES INI) 

in 

32 

V 

Input voltage, Vi2 (SW REG IN2) 

1.1 

10 

V 

Output-to-input differential voltage, switching regulator, Vq - V|2 (see Note 2) 

1.2 

28.9 

V 

Continuous output current, Iq 

100 

mA 

Power switch current (at SW IN) 

500 

mA 

Current-limiting resistor, Rql 

150 

1000 

a 

Filter capacitor 

100 

470 

^iF 

Pass capacitor 

0.1 


Inductor, L (dcr <0.1 Q.) 

50 

150 

pH 

Operating free-air temperature, Ta 

-20 

85 

°C 


NOTE 2; When operating temperature range is T^ < 70°C, minimum Vq - V|2 is > 1.2 V. When operating temperature range is Ta ^ 85°C, 
minimum Vq - Vi2 is > 1.9 V. 
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TL499AC TL499AY 

WIDE-RANGE POWER SUPPLY CONTROLLERS 


SLVS029B - JANUARY 1984 - REVISED AUGUST 1995 


electrical characteristics over recommended operating conditions (uniess otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TL499AC 

UNIT 

MIN TYP MAX 

Voltage deviation (see Note 3) 


20 30 

mVA/ 

Dropout voltage 

Switching regulator 

Ta = -20°C to 70°C 

1.2 

V 

Ta = -20°C to 85°C 

1.9 

V 

Series regulator 

V|1=15V, IO = 50mA 

1.8 

V 

Reference voltage (internal) 

V|2 = 5 V, Vo = 3 V, lo = 1 mA 

1.2 1.26 1.32 

V 

Reference voltage change with temperature 

Ta = -20°C to 85®C 

5 10 

mVA/ 

Output regulation (of reference voltage) 

Iq = 1 mA to 50 mA 

10 30 

mVA/ 

Output current (see Figure 1) 

Switching regulator 

V|2 = 1.1V, Vo = 12V, RcL=150a 

Ta = 25°C 

10 

mA 

V|2 = 1.5V, Vo = 15 V, Rcl=150Q, 

Ta = 25°C 

15 

V|2 = 6 V, Vo = 30 V, Rcl = 150 ^ 

Ta = 25'’C 

65 

Series regulator 


100 

Standby current 

Switching regulator 

Vi2 = 3 V, Vo = 9 V, Ta = 25°C 

o 

00 

in 

pA 

Series regulator 

V|1 = 15V, Vo = 9V, RE2 = 4.7ka 

CVj 

00 

d 

mA 


NOTE 3: Voltage deviation is the output voltage differences that occurs in a change from series regulation to switching regulation. 


voltage deviation = Vq (series reg) - (switching reg) 


electrical characteristics over recommended operating conditions, = 25°C (unless otherwise 
noted) 


PARAMETER 

TEST CONDITIONS 

TL499AY 

UNIT 

MIN TYP MAX 

Voltage deviation (see Note 3) 


o 

CO 

o 

C\l 

mVA/ 

Dropout voltage 

Switching regulator 


1-2 

V 


1.9 

V 

Series regulator 

V|1 = 15V, IO = 50mA 

1.8 

V 

Reference voltage (internal) 

V|2 = 5V, Vo = 3V, lo = 1mA 

1.2 1.26 1.32 

V 

Reference voltage change with temperature 


5 10 

mVA/ 

Output regulation (of reference voltage) 

Iq = 1 mA to 50 mA 

10 30 

mVA/ 

Output current (see Figure 1) 

Switching regulator 

V|2 = 1.1V, Vo = 12 V, Rcl = 150 Q 

10 

mA 

V|2 = 1.5V, Vo = 15 V, Rcl = 150 Q 

15 

V|2 = 6V, Vo = 30 V, Rcl =150 0 

65 

Series regulator 


100 

Standby current 

Switching regulator 

V|2 = 3 V, Vo = 9 V 

15 80 

pA 

Series regulator 

V|1=15V, Vo = 9V, RE2 = 4.7kQ 

0.8 1.2 

mA 


NOTE 3: Voltage deviation is the output voltage differences that occurs in a change from series regulation to switching regulation. 


voltage deviation = Vq (series reg) - (switching reg) 
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TL499AC TL499AY 
WIDE-RANGE POWER SUPPLY CONTROLLERS 


SLVS029B - JANUARY 1984 - REVISED AUGUST 1995 


APPLICATION INFORMATION 

L = 50 



Table 1. Maximum Output Current vs Input and Output Voltages 
for Step’Up Switching Reguiator With Rql = 150 Q 


OUTPUT 

VOLTAGE 

(V) 

1.1 

1.2 

SWITCHING REGULATOR INPUT VOLTAGE (SW REG IN2) (V) 

1.3 1.5 1.7 2 2.5 3 5 6 

9 

OUTPUT CURRENT (mA) 1 

30 









65 

90 

25 









50 80 

100 

20 






20 

25 

30 

80 100 

100 

15 




15 

20 

30 

45 

55 

100 100 

100 

12 

10 

15 

20 

25 

30 

40 

55 

70 

100 100 

100 

10 

15 

20 

25 

30 

35 

45 

65 

80 

100 100 


9 

20 

25 

25 

35 

40 

50 

70 

90 

100 100 


6 

30 

35 

40 

45 

55 

75 

95 

100 



5 

35 

40 

45 

55 

70 

85 

100 

100 

Circuit of Figure 1 except; 

4.5 

35 

45 

50 

60 

75 

95 

100 

loot 

RCL= 150Q 


3 

55 

65t 

75t 

95t 

loot 




Cp = 330 pF 


2.9 

60t 

70t 

75t 

loot 

loot 




Cp = 0.1 pF 



t The difference between the output and input voltage for these combinations is greater than the minimum output-to-input differential voltage 
specification at 70°C (1.2 V), but less than the minimum at 85X (1.9 V). 
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TLdQQAP TL4QQAY 

WIDE-RANGE POWER SUPPLY CONTROLLERS 


SLVS029B ~ JANUARY 1984 - REVISED AUGUST 1995 

APPLICATION INFORMATION 


Table 2. Maximum Output Current vs Input and Output Voltages 
for Step-Up Switching Regulator With Rql = 200 Q 


OUTPUT 

VOLTAGE 

(V) 

1.1 

1.2 

SWITCHING REGULATOR INPUT VOLTAGE (SW REG IN2) (V) 

1.3 1.5 1.7 2 2.5 3 5 

6 

9 

OUTPUT CURRENT (mA) | 

30 










50 

100 

25 









50 

70 

100 

20 






15 

25 

30 

70 

90 

100 

15 




10 

15 

25 

35 

45 

90 

100 

100 

12 

10 

10 

15 

20 

25 

35 

45 

60 

100 

100 

100 

10 

15 

20 

20 

25 

30 

40 

55 

70 

100 

100 


9 

20 

20 

25 

30 

35 

45 

60 

80 

100 



6 

25 

30 

35 

45 

50 

65 

90 

100 




5 

30 

35 

40 

55 

60 

75 

100 

100 

Circuit of Figure 1 except: 

4.5 

35 

40 

45 

55 

65 

85 

100 

loot 

Rcl = 200 Q 


3 

50 

55t 

65t 

80t 

90t 




Cf 

= 330 [if 


2.9 

50t 

60t 

65t 

85t 

loot 




Cp 

= 0.1 [if 



t The difference between the output and input voltage for these combinations is greater than the minimum output-to-input differential voltage 
specification at 70°C (1.2 V), but less than the minimum at 85°C {1.9 V). 


Table 3. Maximum Output Current vs Input and Output Voltages 
for Step-Up Switching Regulator With Rql = 300 Q 


OUTPUT 

VOLTAGE 

(V) 

1.1 

1.2 

SWITCHING REGULATOR INPUT VOLTAGE (SW REG IN2) (V) 

1.3 1.5 1.7 2 2.5 3 5 6 

9 

OUTPUT CURRENT (mA) | 

30 









40 

70 

25 









40 55 

100 

20 






10 

15 

20 

55 70 

100 

15 




10 

10 

20 

30 

35 

75 95 

100 

12 

10 

10 

10 

15 

20 

25 

35 

45 

95 100 

100 

10 

15 

15 

15 

20 

25 

30 

45 

55 

100 100 


9 

15 

15 

20 

25 

30 

35 

50 

60 

100 100 


6 

25 

25 

30 

35 

45 

55 

70 

90 



5 

30 

30 

35 

45 

50 

65 

85 

100 

Circuit of Figure 1 except; 

4.5 

30 

35 

40 

45 

55 

70 

95 

loot 

Rcl = 300 Q 


3 

45 

50t 

55t 

70t 

90t 




Cf = 330 [if 


2.9 

45t 

50t 

60t 

75t 

95t 




Cp = 0.1 ^iF 



t The difference between the output and input voltage for these combinations Is greater than the minimum output-to-input differential voltage 
specification at 70°C (1.2 V), but less than the minimum at 85°C (1.9 V). 
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TL499AC TL499AY 
WIDE-RANGE POWER SUPPLY CONTROLLERS 


SLVS029B - JANUARY 1984 - REVISED AUGUST 1995 

APPLICATION INFORMATION 


Table 4. Maximum Output Current vs Input and Output Voltages 
for Step-Up Switching Regulator With Rq\_ = 510 Q 



tjhe difference between the output and input voltage for these combinations is greater than the minimum output-to-input differential voltage 
specification at 70°C (1.2 V), but less than the minimum at 85°C (1.9 V). 


Table 5. Maximum Output Current vs Input and Output Voltages 
for Step-Up Switching Regulator With Rq^ = 1 kQ 


OUTPUT 

VOLTAGE 

1.1 

1.2 

SWITCHING REGULATOR INPUT VOLTAGE (SW REG IN2) (V) 

1.3 1.5 1.7 2 2.5 3 5 6 

9 

(V) 

OUTPUT CURRENT (mA) | 

30 










35 

25 









35 

50 

20 









35 

60 

15 








10 

30 45 

65 

12 








20 

40 45 

85 

10 







15 

25 

40 55 


9 




10 

10 

15 

25 

30 

45 60 


6 

10 

10 

10 

15 

20 

20 

30 

35 



5 

10 

10 

15 

20 

20 

25 

35 

40 

Circuit of Figure 1 except: 

4.5 

15 

15 

15 

20 

25 

30 

40 

45t 

Rcl = 1 


3 

20 

25t 

25t 

30t 

35t 




Cp = 330 pF 


2.9 

20t 

25t 

25t 

30t 

45t 




Cp = 0.1 |iF 



t The difference between the output and input voltage for these combinations is greater than the minimum output-to-input differential voltage 


specification at 70°C (1.2 V), but less than the minimum at 85°C (1.9 V). 
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Tl RQdP Tl RQdl Tl 

PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


SLVS052B - APRIL 1988 - REVISED AUGUST 1995 


• Complete PWM Power Control Circuitry 

• Uncommitted Outputs for 200-mA Sink or 
Source Current 

• Output Control Selects Single-Ended or 
Push-Pull Operation 

• Internal Circuitry Prohibits Double Pulse at 
Either Output 

• Variable Dead Time Provides Control Over 
Total Range 

• Internal Regulator Provides a Stable 5-V 
Reference Supply Trimmed to 1% 

• Circuit Architecture Allows Easy 
Synchronization 

• Undervoltage Lockout for Low Vqc 
C onditions 

description 

The TL594 incorporates on a single monolithic 
chip all the functions required in the construction 
of a pulse-width-modulation control circuit. Designed primarily for power supply control, these devices offer the 
systems engineer the flexibility to tailor the power supply control circuitry to a specific application. 

The TL594 contains two error amplifiers, an on-chip adjustable oscillator, a dead-time control (DTC) comparator, 
a pulse-steering control flip-flop, a 5-V regulator with a precision of 1 %, an undervoltage lockout control circuit, 
and output control circuitry. 

The error amplifiers exhibit a common-mode voltage range from -0.3 V to Vqq -2 V. The DTC comparator has 
a fixed offset that provides approximately 5% dead time. The on-chip oscillator may be bypassed by terminating 
RT to the reference output and providing a sawtooth input to CT, or it may be used to drive the common circuitry 
in synchronous multiple-rail power supplies. 

The uncommitted output transistors provide either common-emitter or emitter-follower output capability. Each 
device provides for push-pull or single-ended output operation with selection by means of the output-control 
function. The architecture of these devices prohibits the possibility of either output being pulsed twice during 
push-pull operation. The undervoltage lockout control circuit locks the outputs off until the internal circuitry is 
operational. 

The TL594C is characterized for operation from 0°C to 70°C. The TL594I is characterized for operation from 
-40°C to 85°C. 



AVAILABLE OPTIONS 



PACKAGED DEVICES 

r^uiD crtDM 

Ta 

SMALL OUTLINEt 

PLASTIC DIP 

(Y) 


(D) 

(N) 

0°C to 70°C 

TL594CD 

TL594CN 

Tl RQAV 

-40°C to 85°C 

TL594ID 

TL594IN 

1y 


tlhe D package is available taped and reeled. Add “R” suffix to device type (e.g., 
TL594CDR). 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 


Tetcas 
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functional block diagram 


OUTPUT CTRL 
(see Function Table) 
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PULSE-WIDTH-MODULATION CONTROL CIRCUITS 
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TL594Y chip information 


This chip, when properly assembled, displays characteristics similar to the TL594C (see electrical tables). 
Thermal compression or ultrasonic bonding can be used on the doped aluminum bonding pads. The chip can 
be mounted with conductive epoxy or a gold-silicon preform. 
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TL594C TL594I TL594Y 

PULSE-WlDTH-MODULATION CONTROL CIRCUITS 


SLVS052B - APRIL 1988 - REVISED AUGUST 1995 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



TL594C 

TL594I 

UNIT 

Supply voltage, Vcc (see Note 1) 

41 

41 

V 

Amplifier input voltage 

VcC+0-3 

VcC+0.3 

V 

Collector output voltage 

41 

41 

V 

Collector output current 

250 

250 

mA 

Continuous total dissipation 

1 See Dissipation Rating Table | 

Operating free-air temperature range, T^ 

0to70 

-40 to 85 

"C 

Storage temperature range, Tstq 

-65 to 150 

-65 to 150 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

260 

260 

°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values, except differential voltages, are with respect to the network ground terminal. 


DISSIPATION RATING TABLE 



Ta < 25°c 

DERATING 

DERATE 

Ta = 70°C 

Ta = 85°C 


POWER RATING 

FACTOR 

ABOVE Ta 

POWER RATING 

POWER RATING 

D 

950 mW 

. 7.6 mW/°C 

25°C 

608 mW 

494 mW 

N 

1000 mW 

9.2 mW/°C 

4rc 

733 mW 

595 mW 


recommended operating conditions 
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Tl ^Q4r Tl Tl *;Q4Y 

PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


SLVS052B - APRIL 1988 - REVISED AUGUST 1995 


electrical characteristics over recommended operating conditions, Vqo = 15 V, (uniess otherwise 
noted) 

reference section 




TL594C, TL594I 





MIN 

TYPt 

MAX 


Output voltage (REF) 

Iq = 1 mA, 

Ta = 25°C 

4.95 

5 

5.05 

V 

Input regulation 

Vcc = 7 V to 40 V, 

Ta = 25°C 


2 

25 

mV 

Output regulation 

Iq = 1 to 10 mA, 

Ta = 25°C 


14 

35 

BuElll 

Output voltage change with temperature 

ATa = MIN to MAX 


2 

10 

B3S9i 

Short-circuit output current§ 

Vref = 0 

10 

35 

50 

mA 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
t All typical values except for parameter changes with temperature are at = 25°C. 

§ Duration of the short circuit should not exceed one second. 


amplifier section (see Figure 1) 


PARAMETER 

TEST CONDITIONS 

TL594C, TL594I 

UNIT 

MIN TYPt MAX 

Input offset voltage, error amplifier 

FEEDBACK = 2.5 V 

2 10 

mV 

Input offset current 

FEEDBACK = 2.5 V 

25 250 

nA 

Input bias current 

FEEDBACK = 2.5 V 

0.2 1 

pA 

Common-mode input voltage range, 
error amplifier 

Vcc = 7Vto40V 

0.3 

to 

Vcc-2 

V 

Open-loop voltage amplification, error 
amplifier 

AVq = 3 V, Rl = 2 kft, Vo = 0.5 V to 3.5 V 

70 95 

dB 

Unity-gain bandwidth 

Vo = 0.5 V to 3.5 V, Rl = 2 kO 

800 

kHz 

Common-mode rejection ratio, error 
amplifier 

Vcc = 40 V, Ta = 25X 

65 80 

dB 

Output sink current, FEEDBACK 

V|D = -15 mV to -5 V, FEEDBACK = 0.5 V 

0.3 0.7 

mA 

Output source current, FEEDBACK 

V|D = 15 mV to 5 V, FEEDBACK = 3.5 V 

-2 

mA 


t All typical values except for parameter changes with temperature are at = 25°C. 


oscillator section, Cj = 0.01 |iF, Ry = 12 kQ (see Figure 2) 


PARAMETER 

TEST CONDITIONSt 

TL594C, TL594I 

UNIT 


Frequency 


10 

kHz 

Standard deviation of frequency§ 

All values of Vcc. C^T ^T ^i^cl Ta constant 

100 

Hz/kHz 

Frequency change with voltage 

Vcc = 7 V to 40 V, Ta = 25°C 

1 

Hz/kHz 

Frequency change with temperature^ 

ATa = min to MAX 

50 

Hz/kHz 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
t All typical values except for parameter changes with temperature are at = 25°C. 

§ Standard deviation is a measure of the statistical distribution about the mean as derived from the formula: 

H Temperature coefficient of timing capacitor and timing resistor not taken into account. 


£ (x„ - xy 
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TL594C TL594I TL594Y 

PULSE-WIDTH-MODULATION CONTROL CIRCUITS 

SLVS052B - APRIL 1988 - REVISED AUGUST 1995 


electrical characteristics over recommended operating free-air temperature range, Vqq = 15 V, 
(unless otherwise noted) 

dead-time control section (see Figure 2) 


PARAMETER 

TEST CONDITIONS 

TL594C, TL594I 

UNIT 


Input bias current 

V| = 0 to 5.25 V 

-2 -10 

fiA 

Maximum duty cycle, each output 

DTC = 0 y 

0.45 


Input threshold voltage 

Zero duty cycle 

00 

CO 

CO 

V 

Maximum duty cycle 

0 


t All typical values except for parameter changes with temperature are at Ta = 25°C. 

output section 


PARAMETER 

TEST CONDITIONS 

TL594C, TL594I 

UNIT 


Collector off-state current 

Vc = 40V, Ve = 0V, Vcc = 40V 

2 100 

HA 

DTC and OUTPUT CTRL = 0 V, 

Vc = 15V, Ve = 0V, 

Vcc = 1 to 3 V 

4 200 

Emitter off-state current 

Vcc = Vc = 40 V, Ve = 0 

-100 

^lA 

Collector-emitter saturation voltage 

Common emitter 

Ve = 0, IC = 200 mA 

1.1 1.3 

V 

Emitter follower 

Vc = 15V, Ie =-200 mA 

1.5 2.5 

Output control input current 

V| = Vref 

3.5 

mA 


t All typical values except for parameter changes with temperature are at Tj\ = 25°C. 

pwm comparator section (see Figure 2) 


PARAMETER 

TEST CONDITIONS 

1 TL594C, TL594I | 

UNIT 


Input threshold voltage, FEEDBACK 

Zero duty cycle 


V 

Input sink current, FEEDBACK 


1 0.3 0.7 1 

mA 


t Ail typical values except for parameter changes with temperature are at Tj\ = 25°C. 

undervoltage lockout section (see Figure 2) 


PARAMETER 

TEST CONDITIONST 

TL594C, TL594I 

UNIT 

MIN MAX 

Threshold voltage 

Ta = 25°c 

6 

V 

ATA=MINtoMAX 

3.5 6.9 

Hysteresis^ 


100 

mV 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
t Hysteresis is the difference between the positive-going input threshold voltage and the negative-going input threshold voltage. 

total device (see Figure 2) 


PARAMETER 

TEST CONDITIONS 

TL594C, TL594I 

UNIT 


Standby supply current 

RT at Vfef, 

All other inputs and outputs open 

Vcc = 15 V 

9 15 

mA 

Vcc = 40 V 

11 18 

Average supply current 

DTC = 2 V, See Figure 2 

12.4 

mA 


t All typical values except for parameter changes with temperature are at T/\ = 25°C. 
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TL*?Q4r TL*?Q4I TL*>QdY 

PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


SLVS052B - APRIL 1988 - REVISED AUGUST 1995 


electrical characteristics over recommended operating free-air temperature range, Vqc = 15 V, 
(unless otherwise noted) (continued) 


switching characteristics, = 25°C 


PARAMETER 

TEST CONDITIONS 

TL594C, TL594I 

UNIT 


Output voltage rise time 

Common-emitter configuration, See Figure 3 

100 200 

ns 

Output voltage fall time 

30 100 

ns 

Output voltage rise time 

Emitter-follower configuration, See Figure 4 

200 400 

ns 

Output voltage fall time 

45 100 

ns 


t All typical values except for parameter changes with temperature are at = 25°C. 


electrical characteristics over recommended operating conditions, Vqq = 15 V, = 25''C (unless 
otherwise noted) 

reference section 


PARAMETER 

TEST CONDITIONS 

TL594Y 

UNIT 

MIN TYP MAX 

Output voltage (REF) 

Iq = 1 mA, 

5 

V 

Input regulation 

Vcc = 7 V to 40 V, 

2 

mV 

Output regulation 

IO= 1 to 10 mA, 

14 

mV 

Short-circuit output currentt 

Vref = 0 

35 

mA 


t Duration of the short circuit should not exceed one second. 

oscillator section, Cj = 0.01 \iF, Rj = 12 kQ (see Figure 2) 


PARAMETER 

TEST CONDITIONS 

TL594Y 

UNIT 

MIN TYP MAX 

Frequency 


10 

kHz 


All values of Vqq, Cj, Rj, and Ta constant 

100 

Hz/kHz 

Frequency change with voltage 

Vcc = 7 V to 40 V, 

1 

Hz/kHz 


t Standard deviation is a measure of the statistical distribution about the mean as derived from the formula: — - 

J (X„ - X)2 

_ n = 1 



amplifier section (see Figure 1) 


PARAMETER 

TEST CONDITIONS 

TL594Y 

UNIT 

MIN TYP MAX 

Input offset voltage, error amplifier 

FEEDBACK = 2.5 V 

2 

mV 

Input offset current 

FEEDBACK = 2.5 V 

25 

nA 

Input bias current 

FEEDBACK = 2.5 V 

0.2 

HA 

Open-loop voltage amplification, error 
amplifier 

AVq = 3 V, Rl = 2 kQ, Vq = 0.5 V to 3.5 V 

95 

dB 

Unity-gain bandwidth 

Vq = 0.5 V to 3.5 V, Rl = 2 kQ 

800 

kHz 

Common-mode rejection ratio, error 
amplifier 

Vcc = 40 V, Ta = 25°C 

80 

dB 

Output sink current, FEEDBACK 

V|D = -15 mV to -5 V, FEEDBACK = 0.5 V 

0.7 

mA 
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TL*?Q4C TLRQ4I TL*iQ4Y 

PULSE-WIDTH-MODULATION CONTROL CIRCUITS 
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electrical characteristics over recommended operating free-air temperature range, Vqq = 
Ta = 25''C (unless otherwise noted) 


dead-time control section (see Figure 2) 


PARAMETER 


Input bias current 


Input threshold voltage 


TEST CONDITIONS 


Vj = 0 to 5.25 V 


Zero duty cycle 


output section 


PARAMETER 


Collector off-state current 


Emitter off-state current 


Collector-emitter saturation voltage 


pwm comparator section (see Figure 2) 


total device (see Figure 2) 


PARAMETER 


Standby supply current 


Average supply current 


TEST CONDITIONS 


All other inputs and outputs open Rj at V^ef, 


DTC = 2 V, See Figure 2 


TL594Y 


MIN TYP MAX 


-2 


3 


TEST CONDITIONS 

|Vc = 40V, Ve = 0V, 

Vcc = 40 V 

I DTC and OUTPUT CTRL = 0 V, 

Vc = 15V, 

Vcc = 1 to 3 V 

o 

II 

lU 

> 

VCC = VC = 40V. 

o 

II 

m 

> 

o 

II 

lii 

> 

IC = 200 mA 

I Vc = 15V, 

Ie = -200 mA 


PARAMETER 

TEST CONDITIONS 

Input threshold voltage, FEEDBACK 

Zero duty cycle 

Input sink current, FEEDBACK 

FEEDBACK = 0.5 V 


TL594Y 


MIN TYP MAX 


9 


12.4 




TL594Y 


TYP MAX 




switching characteristics, = 25°C 


PARAMETER 

TEST CONDITIONS 

TL594Y 

UNIT 

MIN TYP MAX 

Output voltage rise time 

Common-emitter configuration. 

See Figure 3 

100 

ns 

Output voltage fall time 

30 

ns 

Output voltage rise time 

Emitter-follower configuration. 

See Figure 4 

200 

ns 

Output voltage fall time 

45 

ns 
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PULSE-WIDTH-MODULATION CONTROL CIRCUITS 
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PARAMETER MEASUREMENT INFORMATION 



FEEDBACK 


Figure 1. Amplifier Characteristics Test Circuit 
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PARAMETER MEASUREMENT INFORMATION 

Vcc = 15V 



mnni 


—LnLTLf^nrz:!: 



Figure 2. Operational Test Circuit and Waveforms 
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PARAMETER MEASUREMENT INFORMATION 


15 V 




OUTPUT VOLTAGE WAVEFORM 


Figure 3. Common-Emitter Configuration 


15 V 




TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM 

Figure 4. Emitter-Foiiower Configuration 
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TYPICAL CHARACTERISTICS 

OSCILLATOR FREQUENCY AND 
FREQUENCY VARIATION t 
vs 

TIMING RESISTANCE 



Ry - Timing Resistance - Q 


Figure 5 

AMPLIFIER VOLTAGE AMPLIFICATION 


vs 



f - Frequency - Hz 


Figure 6 

t Frequency variation (Af) is the change in osciliator frequency that occurs over the full temperature range. 
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TL598C, TL598Q, TL598M, TL598Y 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


I • Complete PWM Power Control Function 
I • Totem-Pole Outputs for 200-mA Sink or 
I Source Current 

I • Output Control Selects Parallel or 
I Push-Pull Operation 

• Internal Circuitry Prohibits Double Pulse at 
Either Output 

• Variable Dead-Time Provides Control Over 
Total Range 

• Internal Regulator Provides a Stable 5-V 
Reference Supply, Trimmed to 1% 

Tolerance 

• On-Board Output Current-Limiting 
Protection 

• Undervoltage Lockout for Low Vqc 
C onditions 

• Separate Power and Signal Grounds 

• TL598Q Has Extended Temperature 
Range ... -40°C to 125°C 

description 

The TL598 incorporates ail the functions required 
in the construction of pulse-width-modulated 
(PWM) controlled systems on a single monolithic 
chip. Designed primarily for power supply control, 
the TL598 provides the systems engineer with the 
flexibility to tailor the power supply control circuits 
to a specific application. 

The TL598 contains two error amplifiers, an 
internal oscillator (externally adjustable), a 
dead-time control (DTC) comparator, a pulse¬ 
steering flip-flop, a 5-V precision reference, 
undervoltage lockout control, and output control 
circuits. Two totem-pole outputs provide excep¬ 
tional rise and fall time performance for power FET 
control. The outputs share a common source 
supply and common power ground terminals, 
which allow system designers to eliminate errors 
caused by high current-induced voltage drops and 
common-mode noise. 


SLVS053B - FEBRUARY 1988 - REVISED OCTOBER 1995 



FUNCTION TABLE 


INPUT 

OUTPUT 

CTRL 

OUTPUT FUNCTION 

V| = GND 

Single-ended or parallel output 

V| = REF 

Normal push-pull operation 


AVAILABLE OPTIONS 
PACKAGED DEVICES 


Ta 

SMALL 

OUTLINE 

(D) 

CHIP 

CARRIER 

(FK) 

CERAMIC 

DIP 

(J) 

PLASTIC 

DIP 

(N) 

CHIP FORM 
(Y) 

0°C to 70°C 

TL598CD 

— 

— 

TL598CN 


-40°Cto 125°G 

TL598QD 

— 

— 

TL598QN 

TL598Y 

-55°C to 125°C 

— 

TL598MFK 

TL598MJ 

— 



Chip forms are tested at 25°C. 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 


Texas 

Instruments 


Copyright © 1995, Texas Instruments Incorporated 

On products compliant to MIL-STD-883, Class B, all parameters are 
tested unless otherwise noted. On all other products, production 
processing does not necessarily include testing of all parameters. 
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TL598C, TL598Q, TL598I\II, TL598Y 
PULSE-WIDTH-MODUUTION CONTROL CIRCUITS 

SLVS053B - FEBRUARY 1988 - REVISED OCTOBER 1995 _ 


The error amplifier has a common-mode voltage range from 0 V to Vqq -2 V. The DTC comparator has a fixed 
offset that prevents overlap of the outputs during push-pull operation. A synchronous multiple supply operation 
may be achieved by connecting RT to the reference output and providing a sawtooth input to CT 

The TL598 device provides an output control function to select either push-pull or parallel operation. Circuit 
architecture prevents either output from being pulsed twice during push-pull operation. The output frequency 

for push-pull applications is one-half the oscillator frequency ^fo = - j. For single-ended applications: 

f = 1 

o RT CT 

The TL598C Is characterized for operation from 0°C to 70°C. The TL598Q is characterized for operation from 
-40°C to 125°C. The TL598M is characterized for operation from -55°C to 125°C. 

functional block diagram 


OUTPUT CTRL 
(see Function Table) 
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TL598C, TL598Q, TL598M, TL598Y 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 

SLVS053B - FEBRUARY 1988 - REVISED OCTOBER 1995 


TL598Y chip information 

This chip, when properly assembled, displays characteristics similar to the TL598C. Thermal compression or 
ultrasonic bonding can be used on the doped aluminum bonding pads. The chip can be mounted with conductive 
epoxy or a gold-silicon preform. 


BONDING PAD ASSIGNMENTS 



'I'l'I'I'I'I'I'I'I'I'I'I'I'I'I'I'I'l'I'I'I'I'I'I'I'I'I'I'I'I'I'I'I'I'l'P 


'I'l'MMI'I'I'I'I'l' 


FEEDBACK 


SIGNAL GND 


21N. 

iliL REF 

OUTPUT CTRL 

-^vcc 

JllL VC 
( 10 ) 

^ POWER GND 
—^ OUT2 


CHIP THICKNESS: 

15 MILS TYPICAL 

BONDING PADS: 

4x4 MILS MINIMUM 

Tjmax = 150°C 

TOLERANCES 
ARE ±10%. 

ALL DIMENSIONS 
ARE IN MILS. 
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TL598C, TL598Q, TL598M, TL598Y 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


SLVS053B - FEBRUARY 1988 - REVISED OCTOBER 1995 

absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)t 


Supply voltage, Vqq (see Note 1) ....... .. 41 V 

Amplifier input voltage, V| ..... Vqq h- 0.3 V 

Collector voltage ....... 41 V 

Output current (each output), sink or source, Iq ... . 250 mA 

Continuous total power dissipation .. .^.... See Dissipation Rating Table 

Operating virtual junction temperature range, Tj: TL598C ... 0°C to 150°C 

TL598Q .... -40°Cto150°C 

TL598M ... -55°Cto150°C 

Storage temperature range, Tgtg ..... -65°C to 150°C 

Case temperature for 60 seconds, Tq: FK package . 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N packages . 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package . 300°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values, except differential voltages, are with respect to the signal ground terminal. 


DISSIPATION RATING TABLE 


PACKAGE 

Ta < 25°C 
POWER RATING 

DERATING FACTOR 
ABOVE Ta = 25°C 

Ta = 70°c 
POWER RATING 

Ta = 125°C 
POWER RATING 

D 

950 mW 

7.6 mW/°C 

608 mW 

190 mW 

FK 

1375 mW 

11 mW/°C 

880 mW 

275 mW 

J 

1375mW 

11 mW/°C 

800 mW 

275 mW 

N 

1150 mW 

9.2 mW/°C 

736 mW 

230 mW 


recommended operating conditions 



MIN 

MAX 

UNIT 

Supply voltage, Vqq 

7 

40 

V 

Amplifier input voltage, V| 

0 

VcC-2 

V 

Collector voltage 

40 

V 

Output current (each output), sink or source, Iq 

200 

mA 

Current into feedback terminal, l||_ 

0.3 

mA 

Timing capacitor, Cj 

0.00047 

10 

|iF 

Timing resistor, Rj 

1.8 

500 

kO 

Oscillator frequency, fosc 

1 

300 

kHz 


TL598C 

0 

70 

■■ 

Operating free-air temperature, Ta 

TL598Q 

-40 

125 



TL598M 

-55 

125 

■■ 
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TL598C, TL598Q, TL598M, TL598Y 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


SLVS053B- FEBRUARY 1988- REVISED OCTOBER 1995 


electrical characteristics over recommended operating free-air temperature range, Vqq = 15 V 
(unless otherwise noted) 


reference section (see Note 2) 




TL598C 

TL598Q 

UNIT 

■ tmSii 



MIN 

TYPt 

MAX 

MIN TYPt 

1203 

Output voltage (REF) 

Iq = 1 mA 

Ta = 25X 

4.95 

5 

5.05 

4.95 5 

5.05 

V 

Ta = MIN to MAX 

4.9 


5.1 

4.9 

5.1 

Input regulation 

Vcc = 7 V to 40 V 

Ta = 25°C 


2 

25 

2 

22 

mV 

Output regulation 

Iq = 1 mAto 10 mA 

Ta = 25"C 


1 

15 

1 

15 

mV 

Ta = MIN to MAX 

50 

80 

Output voltage change with 
temperature 

ATa = MIN to MAX 


2 

10 

2 

10 

mVA/ 

Short-circuit output current§ 

REF = 0V 

-10 

-48 


-10 -48 

mA 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
t All typical values except for parameter changes with temperature are at = 25°C. 

§ Duration of the short circuit should not exceed one second. 

NOTE 2: Pulse-testing techniques that maintain the junction temperature as close to the ambient temperature as possible must be used. 


oscillator section, Cj = 0.001 |liF, Ry = 12 kO (see Figure 1) (see Note 2) 


PARAMETER 

TEST CONDITIONSt 

TL598C, TL598Q 

UNIT 

MIN TYPi MAX 

Frequency 


100 

kHz 

Standard deviation of frequency^ 

All values of Vqq, Cj, Rt Ta constant 

100 

Hz/kHz 

Frequency change with voltage 

Vcc = 7 V to 40 V, Ta = 25°C 

1 10 

Hz/kHz 

Frequency change with temperature^ 

ATa = MIN to MAX 

70 120 

Hz/kHz 

ATa = min to MAX, Ct = 0.01 |iF 

o 

00 

o 

in 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
t All typical values except for parameter changes with temperature are at Ta = 25°C. 

H Standard deviation is a measure of the statistical distribution about the mean as derived from the formula; o = 


' J (Xn - X)2 


N - 1 


^ Effects of temperature on external Rj and Cj are not taken Into account. 

NOTE 2: Pulse-testing techniques that maintain the junction temperature as close to the ambient temperature as possible must be used. 


error amplifier section (see Note 2) 


PARAMETER 

TEST CONDITIONS 

TL598C, TL598Q 

UNIT 


Input offset voltage 

FEEDBACK = 2.5 V 

2 10 

mV 

Input offset current 

FEEDBACK = 2.5 V 

25 250 

nA 

Input bias current 

FEEDBACK = 2.5 V 

0.2 1 

fiA 

Common-mode input voltage range 

Vcc = 7 V to 40 V 

0 

to 

VcC-2 

V 

Open-loop voltage amplification 

AVq (FEEDBACK) = 3 V, Vq (FEEDBACK) = 0.5 V to 3.5 V 

70 95 

dB 

Unity-gain bandwidth 


800 

kHz 

Common-mode rejection ratio 

Vcc = 40 V, AV|c = 6.5 V, Ta = 25'^C 

65 80 

dB 

Output sink current (FEEDBACK) 

FEEDBACK = 0.5 V 

0.3 0.7 

mA 

Output source current (FEEDBACK) 

FEEDBACK = 3.5 V 

-2 

mA 

Phase margin at unity gain 

FEEDBACK = 0.5 V to 3.5 V, Rl = 2 kQ 

65° 


Supply voltage rejection ratio 

FEEDBACK = 2.5 V, AVcc = 33 V, RL = 2ka 

100 

dB 


t All typical values except for parameter changes with temperature are at = 25®C. 


NOTE 2: Pulse-testing techniques that maintain the junction temperature as close to the ambient temperature as possible must be used. 
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TL598C, TL598Q, TL598M, TL598Y 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


SLVS053B - FEBRUARY 1988 - REVISED OCTOBER 1995 


electrical characteristics over recommended operating free-air temperature range, Vqq = 15 V 
(unless otherwise noted) 

undervoltage lockout section (see Note 2) 


PARAMETER 

TEST CONDITIONSt 

TL598C 

TL598Q 

UNIT 

MIN MAX 

MIN MAX 

Threshold voltage 

Ta = 25"C 

CD 

4 6 

V 

ATa = MIN to MAX 

3.5 6.9 

3 6.9 

Hysteresis^ 

Ta = 25"C 

100 

100 

mV 

Ta = MIN to MAX 

50 

30 


t For conditions shown as MiN or MAX, use the appropriate value specified under recommended operating conditions, 
t Hysteresis is the difference between the positive-going input threshold voltage and the negative-going input threshold voltage. 

NOTE 2: Pulse-testing techniques must be used that maintain the junction temperature as close to the ambient temperature as possible. 

output section (see Note 2) 


PARAMETER 

TEST CONDITIONS 

TL598C, TL598Q 

UNIT 

MIN MAX 

High-level output voltage 

Vcc = 15V, 

Vc = 15V 

Iq = -200 mA 

12 

V 

IO = -20mA 

13 

Low-level output voltage 

VcC = 15V, 

Vc = 15V 

Iq = 200 mA 

2 

V 

Iq = 20 mA 

0.4 

Output control input current 

_< 

II 

< 

3.5 

mA 

V| = 0.4 V 

100 

liA 


NOTE 2; Pulse-testing techniques must be used that maintain the junction temperature as close to the ambient temperature as possible. 

dead-time control section (see Figure 1) (see Note 2) 


PARAMETER 

TEST CONDITIONS 

TL598C 

TL598Q 

UNIT 

MIN TYP§ MAX 

MIN TYP§ MAX 

Input bias current (DTG) 

V| = 0 to 5.25 V 

-2 -10 

-2 -25 

liA 

Maximum duty cycle, each output 

DTC = 0 V 

0.45 

0.45 


Input threshold voltage (DTC) 

Zero duty cycle 

CO 

CO 

CO 

3 3.2 

V 

Maximum duty cycle 

0 

0 


§ All typical values except for parameter changes with temperature are at T^ = 25°C. 

NOTE 2; Pulse-testing techniques must be used that maintain the junction temperature as close to the ambient temperature as possible. 

pwm comparator section (see Note 2) 


PARAMETER 

TEST CONDITIONS 

TL598C, TL598Q 

UNIT 

MIN TYP§ MAX 

Input threshold voltage (FEEDBACK) 

DTC = 0V 

3.75 4.5 

V 

Input sink current (FEEDBACK) 

V(FEEDBACK) = 0.5 V 

CD 

CO 

CD 

mA 


§ All typical values except for parameter changes with temperature are at Ta = 25°C. 

NOTE 2: Pulse-testing techniques must be used that maintain the junction temperature as close to the ambient temperature as possible. 

total device (see Figure 1) (see Note 2) 


PARAMETER 

TEST CONDITIONS 

TL598C, TL598Q 

UNIT 

MIN TYP§ MAX 

Standby supply current 

RT = Vref, 

All other inputs and outputs open 

Vcc = 15V 

15 21 

mA 

VCC = 40V 

CD 

CM 

O 

CM 

Average supply current 

DTC = 2 V 

15 

mA 


§ All typical values except for parameter changes with temperature are at Ta = 25°C. 

NOTE 2; Pulse-testing techniques must be used that maintain the junction temperature as close to the ambient temperature as possible. 
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TL598C, TL598Q, TL598M, TL598Y 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


SLVS053B - FEBRUARY 1988 - REVISED OCTOBER 1995 


electrical characteristics over recommended operating free-air temperature range, Vqq = 15 V 
(unless otherwise noted) 


switching characteristics, = 25''C (see Note 2) 


PARAMETER 

TEST CONDITIONS 

TL598C, TL598Q 

UNIT 

MIN TYP MAX 

Output voltage rise time 

CL=1500pF, VC = 15 V, VCC = 15V, 

See Figure 2 

60 150 

ns 

Output voltage fall time 

35 75 


NOTE 2: Pulse-testing techniques must be used that maintain the junction temperature as close to the ambient temperature as possible. 

reference section (see Note 2) 


PARAMETER 

TEST CONDITIONSt 

TL598M 

UNIT 


Output voltage (REF) 

Iq = 1 rnA 

Ta = 25°C 

4.95 5 5.05 

V 

Ta = MIN to MAX 

4.9 5.1 

Input regulation 

Vcc = 7 V to 40 V 

Ta = 25°C 

CM 

CM 

CM 

mV 

Output regulation 

Iq = 1 mA to 10 mA 

Ta = 25°C 

1 15 

mV 

Ta = MIN to MAX 

80 

Output voltage change with temperature 

ATa = MIN to MAX 

0.5% 


Short-circuit output current§ 

REF = 0 

-10 -48 

mA 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
t All typical values except for parameter changes with temperature are at T^ = 25°C. 

§ Duration of the short circuit should not exceed one second. 

NOTE 2: Pulse-testing techniques must be used that maintain the junction temperature as close to the ambient temperature as possible. 

oscillator section, Cj = 0.001 |iF, Rj = 12 (see Figure 1) (see Note 2) 


PARAMETER 

TEST CONDITIONSt 

TL598M 

UNIT 

MIN TYPt MAX 

Frequency 


100 

kHz 

Standard deviation of frequencyll 

All values of Vqc, Cj, Rj Ta constant 

10% 


Frequency change with voltage 

Vcc = 7 V to 40 V, Ta = 25°C 

0.1% 1% 


Frequency change with temperature# 

ATa = min to MAX 

7% 15%* 



* On products compliant to MIL-STD-883, Class B, this parameter is not production tested. 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
t All typical values except for parameter changes with temperature are at Tj\ = 25°C. 

H Standard deviation is a measure of the statistical distribution about the mean as derived from the formula: 

^ Effects of temperature on external Rj and Cj are not taken into account. a = 


NOTE 2: Pulse-testing techniques that maintain the junction temperature as close to the ambient temperature as 


y j (X„ - X)^ 

RTH 

possible must be used. 
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TL598C, TL598Q, TL598M, TL598Y 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


SLVS053B - FEBRUARY 1988 - REVISED OCTOBER 1995 


electrical characteristics over recommended operating free-air temperature range, Vqq = 15V 
(unless otherwise noted) 

error amplifier section (see Note 2) 


PARAMETER 

TEST CONDITIONS 

TL598M 

UNIT 

MIN TYPt MAX 

Input offset voltage 

FEEDBACK at 2.5 V 

2 10 

mV 

Input offset current 

FEEDBACK at 2.5 V 

25 250 

nA 

Input bias current 

FEEDBACK at 2.5 V 

0.2 1 

pA 

Common-mode input voltage range 

VCC = 7 V to 40 V 

0 

to 

VcC-2 

V 

Open-loop voltage amplification 

AVo (FEEDBACK) = 3 V, Vq (FEEDBACK) = 0.5 V to 3.5 V 

70 95 

dB 

Unity-gain bandwidth 


800 

kHz 

Common-mode rejection ratio 

Vcc = 40 V, AV|c = 6.5 V, Ta = 25°C 

65 80 

dB 

Output sink current (FEEDBACK) 

FEEDBACK at 0.5 V 

d 

CO 

d 

mA 

Output source current (FEEDBACK) 

FEEDBACK at 3.5 V 

-2 

mA 

Phase margin at unity gain 

FEEDBACK at 0.5 V to 3.5 V, Rl = 2 kQ 

65° 


Supply voltage rejection ratio 

FEEDBACK at 2.5 V, AVcc = 33V, RL = 2kQ 

100 

dB 


t All typical values except for parameter changes with temperature are at T/\ = 25°C. 

NOTE 2: Pulse-testing techniques must be used that maintain the junction temperature as close to the ambient temperature as possible. 


undervoltage lockout section (see Note 2) 


PARAMETER 

TEST CONDITIONS^ 

TL598M 

UNIT 

MIN MAX 

Threshold voltage 

Ta = 25°c 

4 6 

V 

ATa = MIN to MAX 

3 6.9 

Hysteresis! 

Ta = 25°C 

100 

mV 

Ta = MIN to MAX 

30 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

§ Hysteresis is the difference between the positive-going input threshold voltage and the negative-going input threshold voltage. 

NOTE 2: Pulse-testing techniques must be used that maintain the junction temperature as close to the ambient temperature as possible. 


output section (see Note 2 


PARAMETER 

TEST CONDITIONS 

TL598M 

UNIT 

MIN TYP max 

Collector off-state current 

Vqe = 40 V, Vcc = 40 V, DTC connected to 0 V 

2 100 

pA 

High-level output voltage 

Vcc = ‘»5V, 

Vc = 15V 

Iq = -200 mA 

12 

V 

Iq = -20 mA 

13 

Low-level output voltage 

VcC = '‘5V, 

Vc = 15V 

Iq = 200 mA 

2 

V 

Iq = 20 mA 

0.4 

Output control input current 

V| = REF 

3.5 

mA 

Vj = 0.4 V 

100 

pA 


NOTE 2: Pulse-testing techniques must be used that maintain the junction temperature as close to the ambient temperature as possible. 
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TL598C, TL598Q, TL598WI, TL598Y 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


SLVS053B - FEBRUARY 1988 - REVISED OCTOBER 1995 


electrical characteristics over recommended operating free-air temperature range, Vcq = 15V 
(unless otherwise noted) 

dead-time control section (see Figure 1) (see Note 2) 


PARAMETER 

TEST CONDITIONS 

TL598M 

UNIT 

MIN TYPt MAX 

Input bias current (DTC) 

V| = 0 to 5.25 V 

lO 

CM 

i 

CM 

I 

^lA 

Maximum duty cycle, each output 

DTC at 0 V 

45%* 


Input threshold voltage (DTC) 

Zero duty cycle 

3 3.2 

V 

Maximum duty cycle 

0* 


* On products compliant to MIL-STD-883, Class B, this parameter is not production tested, 
t All typical values except for parameter changes with temperature are at Ta = 25°C. 

NOTE 2: Pulse-testing techniques must be used that maintain the junction temperature as close to the ambient temperature as possible. 

pwm comparator section (see Note 2) 


PARAMETER 

TEST CONDITIONS 

TL598M 

UNIT 

MIN TYPt MAX 

Input threshold voltage (FEEDBACK) 

DTC = 0 V 


V 

Input sink current (FEEDBACK) 

V(FEEDBACK) = 0-5 V 

0.3 0.7 

mA 


t All typical values except for parameter changes with temperature are at = 25°C. 

NOTE 2; Pulse-testing techniques must be used that maintain the junction temperature as close to the ambient temperature as possible. 


total device (see Figure 1) (see Note 2) 


PARAMETER 

TEST CONDITIONS 

TL598M 

UNIT 

MIN TYPt MAX 

Standby supply current 

RT at REF, 

All other Inputs and outputs open 

Vcc = 15V 

15 21 

mA 

Vcc = 40V 

CO 

CM 

O 

CM 

Average supply current 

DTC at 2 V 

15 

mA 


NOTE 2: Pulse-testing techniques must be used that maintain the junction temperature as close to the ambient temperature as possible. 


switching characteristics, = 25''C (see Note 2) 


PARAMETER 

TEST CONDITIONS 

TL598M 

UNIT 

MIN TYP MAX 

Output voltage rise time 

CL = 1500pF, VC = 15 V, VCC = 15V, 

See Figure 2 

150* 

ns 

Output voltage fall time 

75* 


* On products compliant to MIL-STD-883, Class B, this parameter is not production tested. 

NOTE 2; Pulse-testing techniques must be used that maintain the junction temperature as close to the ambient temperature as possible. 
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TL598C, TL598Q, TL598M, TL598Y 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


SLVS053B - FEBRUARY 1988 - REVISED OCTOBER 1995 


electrical characteristics, Vcc = 15 V, = 25°C 
reference section (see Note 2) 


PARAMETER 

TEST CONDITIONS 

TL598Y 

UNIT 

MIN TYPt MAX 

Output voltage (REF) 

Iq = 1 mA 

5 

V 

Input regulation 

Vcc = 7 V to 40 V 

2 

mV 

Output regulation 

Iq = 1 mA to 10 mA 

1 

mV 

Output voltage change with temperature 

ATa = MIN to MAX 

2 

mVA/ 

Short-circuit output current^ 

REF = 0 V 

-48 

mA 


t All typical values except for parameter changes with temperature are at T/\ = 25°C. 
t Duration of the short circuit should not exceed one second. 

NOTE 2 Pulse-testing techniques that maintain the junction temperature as close to the ambient temperature as possible must be used. 


oscillator section, Cj = 0.001 |liF, Rj = 12 (see Figure 1) (see Note 2) 


PARAMETER 

TEST CONDITIONS 

TL598Y 

UNIT 

MIN TYP MAX 

Frequency 


100 

kHz 

Standard deviation of frequency§ 

All values of Vcc. ^T Ta constant 

100 

Hz/kHz 

Frequency change with voltage 

Vcc = 7 V to 40 V, 

1 

Hz/kHz 


§ Standard deviation is a measure of the statistical distribution about the mean as derived from the formula: 


2 (’'n - 


a 


N - 1 


NOTE 2 Pulse-testing techniques that maintain the junction temperature as close to the ambient temperature as possible must be used. 

error amplifier section (see Note 2) 


PARAMETER 

TEST CONDITIONS 

TL598Y 

UNIT 

MIN TYP MAX 

Input offset voltage 

Feedback = 2.5 V 

2 

mV 

Input offset current 

Feedback = 2.5 V 

25 

nA 

Input bias current 

Feedback = 2.5 V 

0.2 

|iA 

Open-loop voltage amplification 

AVq (FEEDBACK) = 3 V, Vq (FEEDBACK) = 0.5 V to 3.5 V 

95 

dB 

Unity-gain bandwidth 


800 

kHz 

Common-mode rejection ratio 

Vcc = 40 V, AV|c = 6.5 V, 

80 

dB 

Output sink current (FEEDBACK) 

FEEDBACK = 0.5 V 

0.7 

mA 

Phase margin at unity gain 

FEEDBACK = 0.5 V to 3.5 V, Rl = 2 kQ 

65° 


Supply voltage rejection ratio 

FEEDBACK = 2.5 V, AVcc = 33 V, Rl = 2 kO 

100 

dB 


NOTE 2 Pulse-testing techniques that maintain the junction temperature as close to the ambient temperature as possible must be used. 
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TL598C, TL598Q, TL598M, TL598Y 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


SLVS053B-FEBRUARY 1988-REVISED OCTOBER 1995 


electrical characteristics, Vqc = 15 V, = 25''C 
dead-time control section (see Figure 1) (see Note 2) 


PARAMETER 

TEST CONDITIONS 

TL598Y 

UNIT 

MIN TYP MAX 

Input bias current (DTC) 

V| = 0 to 5.25 V 

-2 


Input threshold voltage (DTC) 

Zero duty cycle 

3 

V 


NOTE 2 Pulse-testing techniques that maintain the junction temperature as close to the ambient temperature as possible must be used. 

pwm comparator section (see Note 2) 


PARAMETER 

TEST CONDITIONS 

TL598Y 

UNIT 

MIN TYP MAX 

Input threshold voltage (FEEDBACK) 

DTC = 0 V 

3.75 

V 

Input sink current (FEEDBACK) 

FEEDBACK = 0.5 V 

0.7 

mA 


NOTE 2 Pulse-testing techniques that maintain the junction temperature as close to the ambient temperature as possible must be used. 

totai device (see Figure 1) (see Note 2) 


PARAMETER 

TEST CONDITIONS 

TL598Y 

UNIT 

MIN TYP MAX 

Standby supply current 

RT = Vref, 

All other inputs and outputs open 

Vcc = 15V 

15 

mA 

Vcc = 40V 

20 

Average supply current 

DTC = 2 V 

15 

mA 


NOTE 2 Pulse-testing techniques that maintain the junction temperature as close to the ambient temperature as possible must be used. 
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TL598C, TL598Q, TL598M, TL598Y 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


SLVS053B - FEBRUARY 1988 - REVISED OCTOBER 1995 


PARAMETER MEASUREMENT INFORMATION 


15 V 




OUTPUT CONFIGURATION 




FEEDBACK 


ERROR AMPLIFIER TEST CIRCUIT 


Figure 1. Test Circuits 




ov 


OUTPUT VOLTAGE WAVEFORM 


Figure 2. Switching Output Configuration and Voltage Waveform 
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TL598C, TL598Q, TL598M, TL598Y 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


SLVS053B - FEBRUARY 1988 - REVISED OCTOBER 1995 

TYPICAL CHARACTERISTICS 


OSCILLATOR FREQUENCY AND 
FREQUENCY VARIATION t 


VS 



Ik 4 k 10 k 40 k 100 k 400k 1M 
R j - Tinning Resistance - Q 

t Frequency variation (Af) is the change in predicted oscillator 
frequency that occurs over the full temperature range. 

Figure 3 


AMPLIFIER VOLTAGE AMPLIFICATION 
vs 


m 

■o 

I 


o 

E 

a 

E 

< 


Q. 

E 

< 



Ik 10 k 100 k 

f - Frequency - Hz 

Figure 4 


1 M 
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TL1451AC, TL1451AY 
DUAL PULSE-WIDTH-MODULATION CONTROL CIRCUITS 

^ _S LVS024C - FE BRU ARY 1983 - REVISED OCTOBER 19 95 

• Complete PWM Power Control Circuitry 

• Completely Synchronized Operation 

• Internal Undervoltage Lockout Protection 

• Wide Supply Voltage Range 

• Internal Short-Circuit Protection 

• Oscillator Frequency... 500 kHz Max 

• Variable Dead Time Provides Control Over 
Total Range 

• Internal Regulator Provides a Stable 2.5-V 
Reference Supply 


description 

The TL1451AC incorporates on a single monolithic chip all the functions required in the construction of two 
pulse-width-modulation (PWM) control circuits. Designed primarily for power supply control, the TL1451AC 
contains an on-chip 2.5-V regulator, two error amplifiers, an adjustable oscillator, two dead-time comparators, 
undervoltage lockout circuitry, and dual common-emitter output transistor circuits. 

The uncommitted output transistors provide common-emitter output capability for each controller. The internal 
amplifiers exhibit a common-mode voltage range from 1.04 V to 1.45 V. The dead-time control (DTC) 
comparator has no offset unless externally altered and can provide 0% to 100% dead time. The on-chip oscillator 
can be operated by terminating RT and CT. During low Vqq conditions, the undervoltage lockout control circuit 
feature locks the outputs off until the internal circuitry is operational. 

The TL1451 AC Is characterized for operation from -20°C to 85°C. 


DB, N, NS, OR PW PACKAGE 
(TOP VIEW) 


CT 

V 

ERROR fllN-hq 
AMPLIFIER 1 \llN 

1FEEDBACK[ 
1DTC[ 
10UT[ 
GND[ 



pREF 

SCP 

]2IN + I ERROR 
]2IN^ AMPLIFIER 2 
]2FEEDBACK 
]2DTC 
]20UT 

] Vcc 



AVAILABLE OPTIONS 


Ta 

PACKAGED DEVICES 

CHIP FORM 
(Y) 

SMALL OUTLINE 
(DB)t 

PLASTIC DIP 
(N) 

SMALL OUTLINE 
(NS) 

TSSOP 

(PW)t 

-20°C to 85°C 

TL1451ACDB 

TL1451ACN 

TL1451ACNS 

TL1451ACPW 

TL1451AY 


tlhe DB and PW packages are only available left-end taped and reeled (add LE suffix, i.e., TL1451ACPWLE). 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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functional I 
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TL1451AC, TL1451AY 
DUAL PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


SLVS024C - FEBRUARY 1983 - REVISED OCTOBER 1995 

TL1451 AY chip information 

This chip, when properly assembled, displays characteristics similar to the TL1451 AC. Thermal compression 
or ultrasonic bonding may be used on the doped aluminum bonding pads. The chip may be mounted with 
conductive epoxy or a gold-silicon preform. 
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TL1451AC TL1451AY 

DUAL PULSE-WIDTH-MODULATION CONTROL CIRCUITS 

SLVS024C - FEBRUARY 1983 - REVISED OCTOBER 1995 _ _ 


absolute maximum ratings over operating free-air temperature ranget 


Supply voltage, Vqq ....... 51 V 

Amplifier input voltage, V| ..... 20 V 

Collector output voltage, Vq .... 51 V 

Collector output current, \q .. . 21 mA 

Continuous power total dissipation .. See Dissipation Rating Table 

Operating free-air temperature range, ... .-20°C to 85°C 

Storage temperature range, Tgtg ... . -65°C to 150°C 

Lead temperature 1,6 mm (1/16 Inch) from case for 10 seconds . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


DISSIPATION RATING TABLE 


PACKAGE 

Ta < 25°C 
POWER RATING 

DERATING FACTOR 
ABOVE Ta = 25°C 

Ta = 70°c 
POWER RATING 

Ta = 85°C 
POWER RATING 

DB 

775 mW 

6.2 mW/X 

496 mW 

403 mW 

N 

1000 mW 

8.0 mW/°C 

640 mW 

520 mW 

NS 

500 mW 

4.0 mW/X 

320 mW 

260 mW 

PW 

700 mW 

5.6 mW/°C 

448 mW 

364 mW 


recommended operating conditions 



MIN 

MAX 

UNIT 

Supply voltage, Vqq 

3.6 

50 

V 

Amplifier input voltage, V| 

1.05 

1.45 

V 

Collector output voltage, Vq 

50 

V 

Collector output current, Iq 

20 

mA 

Current into feedback terminal 

45 

pA 

Feedback resistor, Rp 

100 

kQ. 

Timing capacitor, Cj 

150 

15000 

PF 

Timing resistor, Rj 

5.1 

100 

kQ 

Oscillator frequency 

1 

500 

kHz 

Operating free-air temperature, Ta 

-20 

85 

°C 


electrical characteristics over recommended operating free-air temperature range, Vqq = 6 V, 
f = 200 kHz (unless otherwise noted) 

reference section 


PARAMETER 

TEST CONDITIONS 

TL1451AC 

TL1451Y 

UNIT 

MIN 

TYPt 

MAX 

MIN TYPt MAX 

Output voltage (pin 16) 

O 

II 

3 

> 

2.4 

2.5 

2.6 

2.5 

V 

Output voltage change with temperature 

TA = -20°Cto25®C 


-0.1% 

±1% 

-0.1% 


Ta = 25°C to 85°C 


-0.2% 

±1% 

-0.2% 


Input voltage regulation 

Vqq = 3.6 V to 40 V 


2 

12.5 

2 

mV 

Output voltage regulation 

Iq = 0.1 mA to 1 mA 


1 

7.5 

1 

mV 

Short-circuit output current 

o 

II 

O 

> 

3 

10 

30 

10 

mA 


t All typical values are at Ta = 25°C. 
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TL1451AC, TL1451AY 
DUAL PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


SLVS024C - FEBRUARY 1983 - REVISED OCTOBER 1995 


undervoltage lockout section 


PARAMETER 

TEST CONDITIONS 

TL1451AC, TL1451AY 

UNIT 

MIN TYPt MAX 

Upper threshold voltage (Vcc) 


2.72 

V 

Lower threshold voltage (Vqq) 

•O(ref) = O '! Ta = 25°C 

2.6 

V 

Hysteresis (Vcc) 

80 120 

mV 

Reset threshold voltage (Vcc) 


1.5 1.9 

V 


t All typical values are at = 25°C. 

short-circuit protection controi section 


PARAMETER 

TEST CONDITIONS 

TL1451AC 

TL1451AY 

UNIT 

MIN 

TYPt 

MAX 

MIN 

TYPt 

MAX 

Input threshold voltage (SCP) 

Ta = 25°C 

0.65 

0.7 

0.75 

0.65 

0.7 

0.75 

V 

Standby voltage (SCP) 

No puliup 

140 

185 

230 

185 

mV 

Latched input voltage (SCP) 

No puliup 


60 

120 

60 

mV 

Input (source) current 

V| = 0.7 V, Ta = 25°C 

-10 

-15 

-20 

-10 

-15 

-20 

pA 

Comparator threshold voltage (FEEDBACK) 


1.18 

1.18 

V 


t All typical values are at T/^ = 25°C. 

oscillator section 


PARAMETER 

TEST CONDITIONS 

TL1451C 

TL1451AY 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

Frequency 

Ct = 330pF, RT=10kQ 

200 

200 

kHz 

Standard deviation of frequency 

CT = 330pF, RT=10kQ 

10% 

10% 


Frequency change with voltage 

Vcc = 3.6 V to 40 V 

1% 

1% 


Frequency change with temperature 

Ta = -20°C to 25°C 

-0.4% ±2% 

-0.4% 

■ 

TA = 25°Cto85‘^C 

-0.2% ±2% 

-0.2% 


t All typical values are at = 25°C. 

dead-time control section 


PARAMETER 

TEST CONDITIONS 

TL1451AC 

TL1451AY 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

Input bias current (DTC) 


1 


pA 

Latch mode (source) current (DTC) 

Ta = 25°C 

-80 -145 

-80 -145 

pA 

Latched input voltage (DTC) 

Iq = 40 pA 

2.3 


V 

Input threshold voltage at f = 10 kHz (DTC) 

Zero duty cycle 

2.05 2.25 

2.05 

V 

Maximum duty cycle 

1.2 1.45 

1.45 


t All typical values are at Ta = 25X. 
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TL1451AC TL1451AY 

DUAL PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


SLVS024C - FEBRUARY 1983 - REVISED OCTOBER 1995 


error-amplifier section 


PARAMETER 

TEST CONDITIONS 

TL1451AC 

TL1451AY 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

Input offset voltage 

Vo (FEEDBACK) = 1.25 V 

±6 


mV 

Input offset current 

Vo (FEEDBACK) = 1.25 V 

±100 


nA 

Input bias current 

Vo (FEEDBACK) = 1.25 V 

160 500 

160 

nA 

Common-mode input voltage range 

Vcc = 3.6 V to 40 V 

1.05 

to 

1.45 


D 

Open-loop voltage amplification 

Rp = 200 ka 

70 80 

80 

dB 

Unity-gain bandwidth 


1.5 

1.5 

MHz 

Common-mode rejection ratio 


60 80 

80 

dB 

Positive output voltage swing 


Vref-0.1 


V 

Negative output voltage swing 


1 


V 

Output (sink) current (FEEDBACK) 

V|D = -0.1V, Vo = 1.25 V 

0.5 1.6 

1.6 

mA 

Output (source) current (FEEDBACK) 

ViD = 0.1 V, Vo = 1.25 V 

1 

.I 4 

0 

-70 

pA 


t All typical values are at Ta = 25°C. 

output section 


PARAMETER 

TEST CONDITIONS 

TL1451AC 

TL1451AY 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

Collector off-state current 

Vo = 50 V 

10 


pA 

Output saturation voltage 

IO = 10 mA 

1.2 2 

1.2 

V 

Short-circuit output current 

> 

<0 

II 

0 

> 

90 

90 

mA 


t All typical values are at Ta = 25°C. 

pwm comparator section 


PARAMETER 

TEST CONDITIONS 

TL1451AC 

TL1451AY 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

Input threshold voltage at f = 10 kHz (FEEDBACK) 

Zero duty cycle 

2.05 2.25 

2.05 

V 

Maximum duty cycle 

1.2 1.45 

1.45 


t All typical values are at Ta = 25°C. 

totai device 


PARAMETER 

TEST CONDITIONS 

TL1451AC 

TL1451AY 

UNIT 

iiiiQQjHisyB 



Standby supply current 

Off-state 

1.3 

1.8 

1.3 

mA 

Average supply current 

RT = 10kQ 

1.7 

2.4 

1.7 

mA 


t All typical values are at Ta = 25°C. 
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TL1451AC TL1451AY 
DUAL PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


SLVS024C - FEBRUARY 1983 - REVISED OCTOBER 1995 

PARAMETER MEASUREMENT INFORMATION 



Figure 1. Test Circuit 


Oscillator Triangle Waveform 


PWM 


Short-Circuit Protection ^ -i - 1 1.25 v 

ii n n II n n nn| n nnrr' 

I ! I 


4- 


-H 


Output Transistor Collector 
Waveform 


fm 


I 


Dead Time 100% 
— H 


_I_ 


Protection Enable 
Terminal Waveform “ 

Short-Circuit Protection ’ 
Comparator Output 


ijijnjjj|irLiiur^_ 




LT 


H-lpet«t 


I 


Power Supply Voltage 2.8VTYP 


0.6 V 
0 V 


3.6 V 

ov 


t Protection Enable Time, tp© = (0.051 x 10® x Cpe) in seconds 


Figure 2. TL1451 AC Timing Diagram 
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TL1451AC, TL1451AY 
DUAL PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


SLVS024C - FEBRUARY 1983 - REVISED OCTOBER 1995 

TYPICAL CHARACTERISTICS 


REFERENCE OUTPUT VOLTAGE VARrATION 


vs 



-25 0 25 50 75 100 

Ta - Free-Air Temperature - °C 


Figure 7 


REFERENCE OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 



Vcc “ Supply Voltage - V 


Figure 9 


REFERENCE OUTPUT VOLTAGE VARiATiON 


vs 



-25 0 25 50 75 100 

T/v - Free-AIr Temperature - °C 


Figure 8 
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3 

O 

a 

o 


DROPOUT VOLTAGE VARiATiON 


vs 



-25 0 25 50 75 100 


Ta - Free-AIr Temperature - °C 


Figure 10 
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TYPICAL CHARACTERISTICS 



UNDERVOLTAGE LOCKOUT CHARACTERISTIC 

n- r"" . . n- 1 300 


Threshold Voltage -V^h 
(L eft Scale) 


Threshold Voltage -Vjl 
(L eft Scale) 


Hysteresis Voltage 
(Right Scale) 


iQ = 10 mA 

.. . -J_ 

1 


2 3 4 

Vcc ~ Supply Voltage - V 


0 25 50 75 100 

T/v - Free-Air Temperature ~ °C 


Figure 11 Figure 12 

SHORT-CIRCUIT PROTECTION CHARACTERISTICS 



0 25 50 75 

Ta - Free-Air Temperature - ®C 

Figure 13 
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TYPICAL CHARACTERISTICS 

PROTECTION ENABLE TIME 


vs 



0 50 100 150 200 250 

CpE - Protection Enable Capacitance - |iF 

SCP Vref 



Figure 14 
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TYPICAL CHARACTERISTICS 


ERROR AMP MAXIMUM OUTPUT VOLTAGE SWING 
vs 

FREQUENCY 



1 

£ 


Q. 

E 

< 



OPEN-LOOP VOLTAGE AMPLIFICATION 
vs 



100 Ik 10 k 100 k 1M2M 

f - Frequency - Hz 


Figure 16 


ffl 

■O 

I 

c 

■<5 

(D 

I 

<5 


GAIN (AMPLIFIER IN 
UNITY-GAIN CONFIGURATION) 
vs 



Ik 10 k 100 k 1M 10 M 

f - Frequency ~ Hz 


Figure 17 


Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


4-92 



































Closed-Loop Gain - dB 


TL1451AC TL1451AY 
DUAL PULSE-WiDTH-MODULATION CONTROL CIRCUITS 


SLVS024C - FEBRUARY 1983 - REVISED OCTOBER 1995 

TYPICAL CHARACTERISTICS 

CLOSED-LOOP GAIN AND PHASE SHIFT 
vs 

FREQUENCY 
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TYPICAL CHARACTERISTICS 

CLOSED-LOOP GAIN AND PHASE SHIFT 


vs 

FREQUENCY 
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TYPICAL CHARACTERISTICS 


CLOSED-LOOP GAIN AND PHASE SHIFT 
vs 

FREQUENCY 



f - Frequency - Hz 



Figure 20 
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TYPICAL CHARACTERISTICS 

CLOSED-LOOP GAIN AND PHASE SHIFT 
vs 

FREQUENCY 




Figure 21 
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TYPICAL CHARACTERISTICS 


OUTPUT SINK CURRENT 
vs 

COLLECTOR OUTPUT SATURATION VOLTAGE 
120 

110 

100 

< 90 

£ 

JL 80 
I 70 
^ 60 
55 50 

|. 40 

O 30 
20 
10 
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0 5 10 15 20 

Collector Output Saturation Voltage ~ V 



Figure 22 


MAXIMUM OUTPUT VOLTAGE SWING 
vs 



T^ - Free-Air Temperature - °C 
« 

Figure 23 


> 

I 

D) 

C 

5 

(/) 


5 

O 

£ 


0.5 ^ 


Vref 



Vcc = 3.6 V 
Rl = 100 kQ 

VOM+1= 1.25 V 

VoM -1 = 1.15 V (Right Scale) 

VOM -1 = 1.35 V (Left Scale) 

TEST CIRCUIT 
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TYPICAL CHARACTERISTICS 


OUTPUT TRANSISTOR “ON” DUTY CYCLE 
vs 

DEAD-TIME INPUT VOLTAGE 



Figure 24 


STANDBY CURRENT 
vs 



10 20 30 

Vcc ” Supply Voltage - V 

Figure 25 


40 


STANDBY CURRENT 
vs 

FREE-AIR TEMPERATURE 



Figure 26 


MAXIMUM CONTINUOUS POWER DISSIPATION 


vs 



-25 0 25 50 75 100 

T/^ - Free-AIr Temperature 

Figure 27 
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APPLICATION INFORMATION 



Figure 28. High-Speed Duai Switching Reguiator 
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TL1454, TL1454Y 

DUAL-CHANNEL PULSE-WIDTH-MODULATION (PWM) CONTROL CIRCUITS 

^__SLVS086A -APRIL 1995 - REVISED OCTOBER 1995 

• Two Complete PWM Control Circuits 

• Outputs Drive MOSFETs Directiy 

• Osciliator Frequency ... 50 kHz to 2 MHz 

• 3.6-V to 20-V Suppiy-Voitage Range 

• Low Suppiy Current... 3.5 mA Typ 

• Adjustabie Dead-Time Controi, 0% to 100% 

• 1.25-V Reference 

description 

The TL1454 is a dual-channel pulse-width- 
modulation (PWM) control circuit, primarily 
intended for low-power, dc/dc converters. 

Applications include LCD displays, backlight 
inverters, notebook computers, and other products requiring small, high-frequency, dc/dc converters. Each 
PWM channel has its own error amplifier, PWM comparator, dead-time control comparator, and MOSFET driver. 
The voltage reference, oscillator, undervoltage lockout, and short-circuit protection are common to both 
channels. 

Channel 1 is configured to drive n-channel MOSFETs in step-up or flyback converters, and channel 2 Is 
configured to drive p-channel MOSFETs In step-down or inverting converters. The operating frequency is set 
with an external resistor and an external capacitor, and dead time is continuously adjustable from 0 to 100% 
duty cycle with a resistive divider network. Soft start can be implemented by adding a capacitor to the dead-time 
control (DTC) network. The error-amplifier common-mode Input range includes ground, which allows the 
TL1454 to be used in ground-sensing battery chargers as well as voltage converters. 


AVAILABLE OPTIONS 


Ta 

PACKAGED DEVICESt 

CHIP FORM 
(Y) 

SMALL OUTLINE 
(D) 

PLASTIC DIP 
(N) 

TSSOP 

(PW) 

-20°C to 85°C 

TL1454CD 

TL1454CN 

TL1454CPWLE 

TL1454Y 

-40°C to 85°C 

TL1454ID 

TL1454IN 

— 

- 


t The D package is available taped and reeled. Add the suffix R to the device name (e.g., TL1454CDR). The 
PW package Is available only left-end taped and reeled (Indicated by the LE suffix on the device type; e.g., 
TL1454CPWLE). 


D, N OR PW PACKAGE 
(TOP VIEW) 


CT[ 

1 

16] 

RT [ 

2 

15] 

DTC1 [ 

3 

14] 

IN1+ [ 

4 

13] 

INI - [ 

5 

12 ] 

COMP1 [ 

6 

11] 

GND [ 

7 

10 ] 

OUT1 [ 

8 

9] 


REF 

SCP 

DTC2 

IN2 + 

IN2- 

COMPJ 

Vcc 

OUT2 



PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessariiy inciude 
testing of all parameters. 


Texas 

I^WJMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


Copyright © 1995, Texas Instruments Incorporated 


4-101 
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functional block diagram 


Vcc RT CT 
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TL1454, TL1454Y 

DUAL-CHANNEL PULSE-WIDTH-MODULATION (PWM) CONTROL CIRCUITS 


SLVS086A-APRIL 1995 - REVISED OCTOBER 1995 

TL1454Y chip information 

This chip, when properly assembled, displays characteristics similar to the TL1454C. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be mounted with 
conductive epoxy or a gold-silicon preform. 
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TL1454, TL1454Y 

DUAL-CHANNEL PULSE-WIDTH-MODULATION (PWM) CONTROL CIRCUITS 


SLVS086A~ APRIL 1995 - REVISED OCTOBER 1995 


theory Of operation 
reference voltage 

A linear regulator operating from Vqq generates a 2.5-V supply for the internal circuits and the 1.25-V reference, 
which can source a maximum of 1 mA for external loads. A small ceramic capacitor (0.047 pF to 0.1 pF) between 
REF and ground is recommended to minimize noise pickup. 

error amplifier 

The error amplifier generates the error signal used by the PWM to adjust the power-switch duty cycle for the 
desired converter output voltage. The signal Is generated by comparing a sample of the output voltage to the 
voltage reference and amplifying the difference. An external resistive divider connected between the converter 
output and ground, as shown in Figure 1, is generally required to obtain the output voltage sample. 

The amplifier output Is brought out on COMP to allow the frequency response of the amplifier to be shaped with 
an external RC network to stabilize the feedback loop of the converter. DC loading on the COMP output is limited 
to 45 fiA (the maximum amplifier source current capability). 


Figure 1 illustrates the sense-divider network and error-amplifier connections for converters with positive output 
voltages. The divider network Is connected to the noninverting amplifier input because the PWM has a phase 
inversion; the duty cycle decreases as the error-amplifier output Increases. 


Converter 

Output 



Figure 1. Sense Divider/Error Amplifier 
Configuration for Converters with Positive Outputs 


The output voltage Is given by: 


'ref 


(-i) 


where Vref= 1.25 V. 

The dc source resistance of the error-amplifier inputs should be 10 kQ or less and approximately matched to 
minimize output voltage errors caused by the input-bias current. A simple procedure for determining appropriate 
values for the resistors is to choose a convenient value for R3 (10 kQ or less) and calculate R1 and R2 using: 

R - 


'O ''ref 


R2 = 


RoV 




'ref 
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TL1454, TL1454Y 

DUAL-CHANNEL PULSE-WIDTH-MODULATION (PWM) CONTROL CIRCUITS 


SLVS086A-APRIL 1995- REVISED OCTOBER 1995 


error amplifier 

R1 and R2 should be tight-tolerance (±1% or better) devices with low and/or matched temperature coefficients 
to minimize output voltage errors. A device with a ±5% tolerance is suitable for R3. 


Converter 

Output 



Figure 2. Sense Divider/Error Amplifier Configuration for Converters with Negative Outputs 


Figure 2 shows the divider network and error-amplifier configuration for negative output voltages. In general, 
the comments for positive output voltages also apply for negative outputs. The output voltage is given by: 


Vo = 


"iVref 


The design procedure for choosing the resistor value is to select a convenient value for R2 (instead of R3 in the 
procedure for positive outputs) and calculate R1 and R3 using: 


RgVo 

Vref 


R - ^1*^2 

”3 - + Rj 


Values in the 10-knto 20-kQ range work well for R2. R3 can be omitted and the noninverting amplifier connected 
to ground in applications where the output voltage tolerance is not critical. 

oscillator 


The oscillator frequency can be set between 50 kHz and 2 MHz with a resistor connected between RT and GND 
and a capacitor between CT and GND (see Figure 3). Figure 6 is used to determine Rj and Cj for the desired 
operating frequency. Both components should be tight-tolerance, temperature-stable devices to minimize 
frequency deviation. A 1% metal-film resistor is recommended for Rj, and a 10%, or better, NPO ceramic 
capacitor is recommended for Cj. 


TL1454 

RT CT 



Figure 3. Oscillator Timing 
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dead-time control (DTC) and soft start 

The two PWM channels have independent dead-time control inputs so that the maximum power-switch duty 
cycles can be limited to less then 100%. The dead-time is set with a voltage applied to DTC; the voltage Is 
typically obtained from a resistive divider connected between the reference and ground as shown in Figure 4. 
Soft start is Implemented by adding a capacitor between REF and DTC. 

The voltage, Vpi. required to limit the duty cycle to a maximum value is given by 

'^DT = ''o(max) “ °(^0(max) " ''o(min)) ~ ° 

where Vo(max) ^ind Vo(min) obtained from Figure 9, and D is the maximum duty cycle. 

Predicting the regulator startup or rise time is complicated because It depends on many variables, including: 
input voltage, output voltage, filter values, converter topology, and operating frequency. In general, the output 
will be in regulation within two time constants of the soft-start circuit. A five-to-ten millisecond time constant 
usually works well for low-power converters. 

The DTC input can be grounded in applications where achieving a 100% duty cycle Is desirable, such as a buck 
converter with a very low input-to-output differential voitge. However, grounding DTC prevents the 
inplementation of soft start, and the output voltage overshoot at power-on is likely to be very large. A better 
arrangement is to omit Rdji (see Figure 4) and choose Rdj 2 = 47 kQ. This configuration ensures that the duty 
cycle can reach 100% and still allows the designer to Implement soft start using Css- 



16 

REF 

Css 

< Rdti 

TL1454 

i 

>- 4 —- 

DTC 


RDT2 


Figure 4. Dead-Time Controi and Soft Start 

PWM comparator 

Each of the PWM comparators has dual inverting inputs. One inverting input is connected to the output of the 
error amplifier; the other inverting input Is connected to the DTC terminal. Under normal operating conditions, 
when either the error-amplifier output or the dead-time control voltage is higher than that for the PWM triangle 
wave, the output stage is set Inactive (OUT1 low and OUT2 high), turning the external power stage off. 

undervoitage-iockout (UVLO) protection 

The undervoltage-lockout circuit turns the output circuit off and resets the SCP latch whenever the supply 
voltage drops too low (to approximately 2.9 V) for proper operation. A hysteresis voltage of 200 mV eliminates 
false triggering on noise and chattering. 

short-circuit protection (SCP) 

The TL1454 SCP function prevents damage to the power switches when the converter output Is shorted to 
ground. In normal operation, SCP comparator 1 clamps SCP to approximately 185 mV. Whqn one of the 
converter outputs is shorted, the error amplifier output (COMP) will be driven below 1 V to maximize duty cycle 
and force the converter output back up. When the error amplifier output drops below 1 V, SCP comparator 1 
releases SCP, and capacitor, Cscp which is connected between SCP and GND, begins charging. If the 
error-amplifier output rises above 1 V before Cscp ‘s charged to 1 V, SCP comparator 1 discharges Cscp and 
normal operation resumes. If Cscp reaches 1 V, SCP comparator 2 turns on and sets the SCP latch, which turns 
off the output drives and resets the soft-start circuit. The latch remains set until the supply voltage is lowered 
to 2 V or less, or Cscp discharged externally. 
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Short-circuit protection (SCP) (continued) 

The SCP time-out period must be greater than the converter start-up time or the converter will not start. Because 
high-value capacitor tolerances tend to be ±20% or more and 1C resistor tolerances are loose as well, it is best 
to choose an SCP time-out period ten-to-fifteen times greater than the converter startup time. The value of Cscp 
may be determined using Figure 6, or it can be calculated using: 

r _ ^SCP 
SCP “ loJ' 

where Cscp ‘s iri pF and Tscp is the time-out period In ms. 

output stage 

The output stage of the TL1454 is a totem-pole output with a maximum source/sInk current rating of 40 mA and 
a voltage rating of 20 V. The output is controlled by a complementary output AND gate and is turned on (sourcing 
current for OUT 1, sinking current for OUT2) when all the following conditions are met: 1) the oscillator triangle 
wave voltage is higher than both the DTC voltage and the error-amplifier output voltage, 2) the 
undervoltage-lockout circuit Is inactive, and 3) the short-circuit protection circuit Is inactive. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage, Vqq (see Note 1) ... 

Error amplifier input voltage: IN1+, IN1 IN2+, IN2- ... 

Output voltage: OUT1, OUT2 ... 

Continuous output current: OUT 1, OUT2 .. 

Peak output current; OUT 1, OUT2 . 

Continuous total dissipation . 

Operating free-air temperature range, T^: C suffix . 

I suffix... 

Storage temperature range, Tstg . 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 


... 23V 
... 23 V 
... 20V 
±200 mA 
. 1 A 


See Dissipation Rating Table 

.-20°C to 85°C 

.-40°C to 85°C 

. -65°Cto150°C 

. 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to network GND. 


DISSIPATION RATING TABLE 


PACKAGE 

Ta<25°C 
POWER RATING 

DERATING FACTOR 
ABOVE Ta = 25"C 

Ta = 70°c 
POWER RATING 

Ta = 85°C 
POWER RATING 

D 

950 mW 

7.6 mW/°C 

608 mW 

494 mW 

N 

1250 mW 

10.0 mW/°C 

800 mW 

650 mW 

PW 

500 mW 

4.0 mW/°C 

320 mW 

260 mW 


recommended operating conditions 



MIN 

MAX 

UNIT 

Supply voltage, Vqq 

3.6 

20 

V 

Error amplifier common-mode input voltage 

-0.2 

1.45 

V 

Output voltage, Vq 

20 

V 

Output current, Iq 

±40 

mA 

COMP source current 

-45 

fiA 

COMP sink current 

100 

|xA 

Reference output current 

1 

mA 

COMP dc load resistance 

100 

kQ 

Timing capacitor, Cj 

10 

4000 

PF 

Timing resistor, Rj 

5.1 

100 

ka 

Oscillator frequency 

50 

2000 

kHz 

Operating free-air temperature, Ta 

TL1454C 

-20 

85 

O/-' 

TL1454I 

-40 

85 
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electrical characteristics over recommended operating free-air temperature range, Vqc = 6 V, 
fosc = kHz (unless otherwise noted) 

reference 





1 TL1454 

UNIT 





MIN 

TYP 

MAX 

Vref 

Output voltage, REF 

Iq = 1 mA, 

Ta = 25°C 

1.23 

1.25 

1.28 

y 

I Iq = 1 mA 

1.2 


1.31 


Input regulation 

Vqc = 3.6 V to 20 V, 

O 

II 

3 

> 


2 

6 

mV 

Output regulation 

I Iq = 0.1 mA to 1 mA 


1 

7.5 

mV 

Output voltage change with temperature 

Ta - TA(min) 25°C, 

O 

II 

3 

> 

-12.5 

-1.25 

12.5 

mV 

Ta = 25°C to 85°C, 

Iq = 1 mA 

-12.5 

-2.5 

12.5 

hos 

Short-circuit output current I 

< 

II 

o 

< 

1 30 

mA 


undervoltage lockout (UVLO) 


PARAMETER 

TEST CONDITIONS 

TL1454 

UNIT 

MIN TYP MAX 

V|T+ 

Positive-going threshold voltage 


2.9 

V 

V|T- 

Negative-going threshold voltage 

Ta = 25X 

2.7 

V 

Vhys 

Hysteresis, V|j+- Vij_ 


100 200 

mV 


short-circuit protection (SCP) 


PARAMETER 

TEST CONDITIONS 

1 TL1454 

UNIT 

MIN 

TYP 

MAX 

V|T 

Input threshold voltage 

Ta = 25°C 

0.95 

1 

1.05 

V 

Vstby^ 

Standby voltage 

No pullup 

140 

185 

230 

mV 

V| (latched) 

Latched-mode input voltage 


60 

120 

mV 

V|T(COMP) 

Comparator threshold voltage 

COMP1,COMP2 

1 ^ 

V 

1 Input source current 

Ta = 25°C, Vo(SCP) = 0 

-5 

-15 

-20 

pA 


t This symbol is not presently listed within EIA/JEDEC standards for semiconductor symbology. 

oscillator 
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electrical characteristics over recommended operating free-air temperature range, Vqq = 6 V, 
fosc = (unless otherwise noted) (continued) 

dead-time control (DTC) 


PARAMETER 

TEST CONDITIONS 

TL1454 

UNIT 

MIN TYP MAX 

V|T Input threshold voltage 

Duty cycle = 0% 

1 1.1 1.2 

V 

Duty cycle = 100% 

0.4 0.5 0.6 

V|(|atched) Latched-mode input voltage 


1.2 

V 

l|B Common-mode input bias current 

DTC1,IN1+»1.2V 

4 

pA 

Latched-mode (source) current 

Ta = 25°C 

-100 

pA 


error-amplifier 


PARAMETER 

TEST CONDITIONS 

TL1454 

UNIT 

MIN 

TYP 

MAX 

V|0 

Input offset voltage 


6 

mV 

•lO 

Input offset current 

Vo = 1.25 V, V|C = 1.25 V 

100 

nA 

l|B 

Input bias current 



-160 

-500 

nA 

V|CR 

Input voltage range 

Vcc = 3-6 V to 20 V 

-0.2 to 1.45 

V 

Av 

Open-loop voltage gain 

RpB = 200 kii 

70 

80 


dB 

Unity-gain bandwidth 


3 

MHz 

CMRR 

Common-mode rejection ratio 


60 

80 


dB 

VoM(max) 

Positive output voltage swing 


2.3 

2.43 


\/ 

VOM(min) 

Negative output voltage swing 



0.63 

0.8 

V 

lO-F 

Output sink current 

V|D = -0.1V, Vo = 1.20 V 

0.1 

0.5 


mA 

•o- 

Output source current 

ViD = 0.1V, Vo = 1.80 V 

-45 

-70 


pA 


output 


PARAMETER 

TEST CONDITIONS 

TL1454 

UNIT 

MIN TYP MAX 

VqH High-level output voltage 

Iq = -8 mA 

Vcc-2 4.5 

V 

Iq = -40 mA 

Vcc-2 4.4 

VoL Low-level output voltage 

Iq = 8 mA 

0.1 0.4 

V 

Iq = 40 mA 

1.8 2.5 

trv ■ Output voltage rise time 

Cl = 2000 pF, Ta = 25X 

220 

ns 

tfv Output voltage fall time 

220 


supply current 


PARAMETER 

TEST CONDITIONS 

TL1454 

UNIT 

MIN TYP 

MAX 

'CC(stdby) 

Standby supply current 

RT open, CT = 1.5 V, 

Vo (COMP1,COMP2) = 1.25 V, No load 

3.1 

6 

mA 

•cC(average) 

Average supply current 

Rj = 10 kQ, Cj = 120 pF, 50% duty cycle, 

Outputs open 

3.5 

■ 

mA 
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electrical characteristics, Vcc = 6 V, fosc = 500 kHz, = 25^C (unless otherwise noted) 
reference 


TL1454Y 

PARAMETER TEST CONDITIONS - 

MIN TYP MAX 


1.25 


2 


PARAMETER 

TEST CONDITIONS 

Vref Output voltage, REF 

Iq = 1 mA, 

Input regulation 

Voc = 3.6 V to 20 V, lo = 1 mA 

Output regulation 

Iq = 0.1 mAto 1 mA 

Output voltage change with temperature 

Iq = 1 niA 

Iq = 1 mA 

•os Short-circuit output current 

II 

o 

< 



undervoltage lockout (UVLO) 


PARAMETER 


VI j + Positive-goi ng th reshold voltage 


V| j_ Negative-going threshold voltage 


Vhys Hysteresis, Vu + - V|x- 


short-circuit protection (SCP) 


PARAMETER 


TEST CONDITIONS 



TEST CONDITIONS 


TL1454Y 


MIN TYP MAX 


2.9 


2 . 


200 


TL1454Y 


MIN TYP MAX 



V| j Input threshold voltage 


Vstbv • Standby voltage 


V|(latched) Latched-mode input voltage 


V|t(COMP) Comparator threshold voltage 


Input source current 


TThis symbol Is not presently listed within EIA/ JEDEC standards for semiconductor symbology. 

oscillator 


No pullup 


COMP1,COMP2 
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electrical characteristics, Vqc = 6 V, fosc = kHz, = 25''C (unless otherwise noted) (continued) 
dead-time control (DTC) 


PARAMETER 

TEST CONDITIONS 

TL1454Y 

UNIT 

MIN TYP MAX 

V|j Input threshold voltage 

Duty cycle = 0% 

1.1 

V 

Duty cycle = 100% 

0.5 

Vi(iatched) Latched-mode input voltage 


1.2 

V 

Latched-mode (source) current 


-100 

pA 


error-amplifier 


PARAMETER 


TL1454Y 

UNIT 



MIN TYP MAX 

t|B 

Input bias current 

Vo = 1.25 V. 

Vic = 1.25 V 

-160 

nA 

Av 

Open-loop voltage gain 

Rfb = 200 kD 

80 

dB 

1 Unity-gain bandwidth | 


3 

MHz 

CMRR 

Common-mode rejection ratio 


80 

dB 

VoM(max) 

Positive output voltage swing 



2.43 

\/ 


Negative output voltage swing 



0.63 

V 

•o+ 

Output sink current 

V|D = -0.1 V, 

Vo = 1.20 V 

0.5 

mA 

lo- 

Output source current 

V|D = 0.1 V, 

Vo = 1.80 V 

-70 

pA 


output 


PARAMETER 

TEST CONDITIONS 

TL1454Y 

UNIT 

MIN TYP MAX 

VqH 

High-level output voltage 

lo = -8 mA 

4.5 


lo = -40 mA 

4.4 

V 

Vql 

Low-level output voltage 

IO = 8mA 

0.1 


lo = 40 mA 

1.8 

V 

Irv 

Output voltage rise time 

Cl = 2000 pF 

220 

ns 

Ifv 

Output voltage fall time 

220 


suppiy current 


PARAMETER 

TEST CONDITIONS 

TL1454Y 

UNIT 

MIN TYP MAX 

•cC(stdby) Standby supply current 

RT open, CT = 1.5 V, 

Vo (COMP1, COMP2) = 1.25 V, No load 

3.1 

mA 

•cc(average) Average supply current 

Rj = 10 kO, Cj = 120 pF, 50% duty cycle, 

Outputs open 

3.5 

mA 
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PARAMETER MEASUREMENT INFORMATION 


Oscillator 

COMP 

DTC 


: ^wv\^'maam/vw. ::: 


SCP Reference *4 

I 


OUT1 


4uU\j] _TLfLnnrmiJkii 


£: 


H 

Dead-Time 100% 


SCP Comparator i 
Output I 

I 

4- 


' U- ' 


4- 


SCP 


Vcc 


I 

A 


I I 

-I—h— 

I I 
I I 


-T' 

H- 


-H 


2.5 V 


(tpe)-|^—►! 


IV 

^4-ov 


2.9-V Typical 


J_ thr^lwl^ 


OV 


Figure 5. Timing Diagram 


TYPICAL CHARACTERISTICS 


OSCiLLATOR FREQUENCY 


vs 

TIMiNG RESiSTANCE 



Rj - Timing Resistance - Q 
Figure 6 


OSCILLATOR PERIOD 


vs 



lOO lol 102 103 104 105 


Cj - Timing Capacitance - pF 
Figure 7 
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DTC Input Threshold Voltage - V f osc “ Oscillator Frequency - kHz 
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TYPICAL CHARACTERISTICS 


OSCILLATOR FREQUENCY 
vs 

FREE-AIR TEMPERATURE 


Vcc = 6 V 

Rt = 10 kQ 

Cj = 120 pF 
















0 50 

Ta - Free-Air Temperature - 

Figure 8 

DTC INPUT THRESHOLD VOLTAGE 
vs 

FREE-AIR TEMPERATURE 


Vcc = 6 V 

Rt = 5.1 ka 

CT = 1000pF 






ViT (0% Duty Cycfe) 

__L__ 








V|T (100% Duty Cycle) 

__ 





PWM TRIANGLE WAVEFORM AMPLITUDE 
vs 

TIMING CAPACITANCE 



illl■■■l 

ilias!! 

■Ill 

■III 

■III 

■III 

■Hill 

■Hill 

■Hill 

■Hill 

■Hill 

■Hill 

■HI! 

i ■! 

IIIIHII 


■1 

IIIIHII 


■1 

IIIIHII 


HI 

IIIIHII 


■III 

IIIIHII 

IIIIHII 

II 


I0l 102 103 

Timing Capacitance - pF 

Figure 9 

SCP TIME-OUT PERIOD 
vs 

SCP CAPACITANCE 




0 50 

Ta - Free-AIr Temperature - °C 


10 15 

SCP Capacitance - |aF 


Figure 10 


Figure 11 
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TYPICAL CHARACTERISTICS 



I 


SCP THRESHOLD VOLTAGE 


1.04 

1.02 

1 

0.98 

0.96 

0 94 

' -50 0 50 100 


VS 

FREE-AIR TEMPERATURE 




_ VCC = 6V 
















T/v “ Free-Air Temperature - °C 


Figure 12 

UVLO THRESHOLD VOLTAGE 


vs 



-50 -25 0 25 50 75 100 

Ta “ Free-AIr Temperature - °C 


Figure 14 


SCP LATCH RESET VOLTAGE 
vs 



-50 -25 0 25 50 75 100 

Ta - Free-Air Temperature - °C 

Figure 13 


DUTY CYCLE 
vs 

DTC INPUT VOLTAGE 

120 


100 


80 

I 

0) 

o 60 

s 

£• 

3 

° 40 


20 


0 

0 0.25 0.5 0.75 1 1.25 1.5 

Vi(DTC)" DTC Input Voltage - V 






-^- 

Vcc = 6V 

Ct = 120 pF 



\ 


nj = i 
Ta = 2 

U KIIZ 

5°C 



\ 







\ 






\ 






> 

\ 



Figure 15 
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Vn/ppx - Error Amplifier Maximum Peak-to-Peak Vor. . - Error-Amplifier Maximum Output Voltage - 

' ' Output Voltage Swing-V 
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TYPICAL CHARACTERISTICS 


ERROR AMPLIFIER OPEN-LOOP GAIN AND PHASE SHIFT 


vs 

FREQUENCY 
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Vql - Low-Level Output Voltage - 
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ICC(s)” Standby Supply Current - mA Vql - Low-Level Output Voltage - 
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Vj-ef - Reference Voltage - 
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TYPrCAL CHARACTERISTICS 


REFERENCE VOLTAGE REFERENCE VOLTAGE 



Vcc “ Supply Voltage - V Vcc “ Supply Voltage - V 


Figure 30 Figure 31 

REFERENCE VOLTAGE 
vs 

FREE-AiR TEMPERATURE 



Ta - Free-Air Temperature - °C 

Figure 32 
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TL5001, TL5001Y 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 

SL VS084 C - AP RIL 1994- REVISED SEPTEMBER 1995 

• Complete PWM Power Control 

• 3.6-V to 40-V Operation 

• Internal Undervoltage-Lockout Circuit 

• Internal Short-Circuit Protection 

• Oscillator Frequency ... 40 kHz to 400 kHz 

• Variable Dead Time Provides Control Over 
Total Range 

description 

The TL5001 incorporates on a single monolithic chip all the functions required for a pulse-width-modulation 
(PWM) control circuit. Designed primarily for power-supply control, the TL5001 contains an error amplifier, a 
regulator, an oscillator, a PWM comparator with a dead-time-control input, undervoltage lockout (UVLO), 
short-circuit protection (SCP), and an open-collector output transistor. 

The error-amplifier common-mode voltage ranges from 0 V to 1.5 V. The noninverting input of the error amplifier 
is connected to a 1-V reference. Dead-time control (DTC) can be set to provide 0% to 100% dead time by 
connecting an external resistor between DTC and GND. The oscillator frequency Is set by terminating RT with 
an external resistor to GND. During low Vqq conditions, the UVLO circuit turns the output off until Vqq recovers 
to its normal operating range. 

The TL5001C is characterized for operation from -20°C to 85°C. The TL50011 is characterized for operation 
from -40°C to 85°C. 


OUT[ 

Vcc[ 

COMP[ 3 
FB[ 4 


D OR P PACKAGE 
(TOP VIEW) 

O 


1 - 8 ] GND 

2 7 ]RT 
6 ] DTC 
5 ]SCP 



AVAILABLE OPTIONS 


Ta 

PACKAGED DEVICES | 


SMALL OUTLINE 
(D) 

PLASTIC DIP 
(P) 

CHIP FORM 
(Y) 

-20°C to 85°C 

TL5001CD 

TL5001CP 

TL5001Y 

-40°C to 85°C 

TL5001ID 

TL5001IP 

— 


The D package is available taped and reeled. Add the suffix R to the device type 
(e.g., TL5001CDR). Chip forms are tested at Ta = 25°C. 


schematic for typical application 



PRODUCTION DATA information is current as of pubiication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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functional block diagram 


Vcc RT DTC OUT 
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TL5001Y chip information 

This chip, when properly assembled, displays characteristics similar to the TL5001C. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be mounted with 
conductive epoxy or a gold-silicon preform. 
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TL5001, TL5001Y 

PULSE-WIDTH'MODULATION CONTROL CIRCUITS 

SLVS084C -APRIL 1994 - REVISED SEPTEMBER 1995 


detailed description 
voltage reference 

A 2.5-V regulator operating from Vqc is used to power the internal circuitry of the TL5001 and as a reference 
for the error amplifier and SCP circuits. A resistive divider provides a 1-V reference for the error amplifier 
noninverting input. The 1-V reference remains within 5% of nominal over the operating temperature range. 

error amplifier 

The error amplifier compares a sample of the dc-to-dc converter output voltage to the 1-V reference and 
generates an error signal for the PWM comparator. The dc-to-dc converter output voltage is set by selecting 
the error-amplifier gain (see Figure 1), using the following expression: 

Vo = (1 + R1/R2) (1 V) 



error amplifier (continued) 

The error-amplifier output is brought out as COMP for use in compensating the dc-to-dc converter control loop 
for stability. Because the amplifier can only source 45 pA, the total dc load resistance should be 100 kQ. or more. 

osciiiator/PWM 

The oscillator frequency (fosc) can be set between 40 kHz and 400 kHz by connecting a resistor between RT 
and GND. Acceptable resistor values range from 15 kQ to 250 kQ. The oscillator frequency can be determined 
by using the graph shown In Figure 5. 

The oscillator output is a triangular wave with a minimum value of approximately 0.7 V and a maximum value 
of approximately 1.3 V. The PWM comparator compares the error-amplifier output voltage and the DTC input 
voltage to the triangular wave and turns the output transistor off whenever the triangular wave is greater than 
the lesser of the two Inputs. 

dead-time control (DTC) 

DTC provides a means of limiting the output-switch duty cycle to a value less than 100%, which Is critical for 
boost and flyback converters. A current source generates a reference current (Idt) at DTC that is nominally 
equal to the current at the oscillator timing terminal, RT. Connecting a resistor between DTC and GND generates 
a dead-time reference voltage (Vqj), which the PWM/DTC comparator compares to the oscillator triangle wave 
as described in the previous section. Nominally, the maximum duty cycle is 0% when Vqj is 0.7 V or less and 
100% when Vof Is 1.3 V or greater. Because the triangle wave amplitude is a function of frequency and the 
source Impedance of RT is relatively high (1250 Q), choosing Rpj for a specific maximum duty cycle, D, Is 
accomplished using the following equation and the voltage limits for the frequency in question as found in 
Figure 11 (Vosc^^iax and Vqsc't^''^ are the maximum and minimum oscillator levels): 
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^DT “ ('^t 1250) [D(Voscmax - Voscmin) + Vogcmin] 

where 

Rdt and Rt are in ohms, D in decimal 

Soft start can be implemented by paralleling the DTC resistor with a capacitor (Cq j) as shown in Figure 2. During 
soft start, the voltage at DTC is derived by the following equation: 



Figure 2. Soft-Start Circuit 


If the dc-to-dc converter must be in regulation within a specified period of time, the time constant, RpT^DT 
should be to/3 to to/5. The TL5001 remains off until \/oT^ 0-7 V, the minimum ramp value. Cdt is discharged 
every time UVLO or SCP becomes active. 

undervoitage-iockout (UVLO) protection 

The undervoltage-lockout circuit turns the output transistor off and resets the SCP latch whenever the supply 
voltage drops too low (approximately 3 V) for proper operation. A hysteresis voltage of 200 mV eliminates false 
triggering on noise and chattering. 

short-circuit protection (SCP) 

The TL5001 includes short-circuit protection (see Figure 3), which turns the power switch off to prevent damage 
when the converter output Is shorted. When activated, the SCP prevents the switch from being turned on until 
the internal latching circuit is reset. The circuit is reset by reducing the Input voltage until UVLO becomes active 
or until the SCP terminal Is pulled to ground externally. 

When a short circuit occurs, the error-amplifier output at COMP rises to Increase the power-switch duty cycle 
in an attempt to maintain the output voltage. SCP comparator 1 starts an RC timing circuit when COMP exceeds 
1.5 V. If the short is removed and the error-amplifier output drops below 1.5 V before time out, normal converter 
operation continues. If the fault is still present at the end of the time-out period, the timer sets the latching circuit 
and turns off the TL5001 output transistor. 
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The tinner operates by charging an external capacitor (Cscp). connected between the SCP terminal and ground, 
towards 2.5 V through a 185-kn resistor (Rscp)- "The circuit begins charging from an initial voltage of 
approximately 185 mV and times out when the capacitor voltage reaches 1 V. The output of SCP comparator 
2 then goes high, turns on Q2, and latches the timer circuit. The expression for setting the SCP time period is 
derived from the following equation: 

VgGp = (2.5- 0.185)(l - e“*A) + 0.185 

where 

X= RscP^sCP 

The end of the time-out period, tscp occurs when Vscp = ^ V. Solving for Csgp yields: 

^SCP “ ‘•2.46 X tgQp 
where 

t is in seconds, C in ^F. 

tscp niust be much longer (generally 10 to 15 times) than the converter start-up period or the converter will not 
start. 

output transistor 

The output of the TL5001 is an open-collector transistor with a maximum collector current rating of 21 mA and 
a voltage rating of 51 V. The output is turned on under the following conditions: the oscillator triangle wave is 
lower than both the DTC voltage and the error-amplifier output voltage, the UVLO circuit Is Inactive, and the 
short-circuit protection circuit is Inactive. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage, Vqq (see Note 1) . 41 V 

Amplifier input voltage, V|(fb) . 20 V 

Output voltage, Vq, OUT . 51 V 

Output current, \q, OUT . 21 mA 

Output peak current, lo(peak)» OUT . 100 mA 

Continuous total power dissipation . See Dissipation Rating Table 

Operating ambient temperature range, T^: TL5001C .-20°C to 85°C 

TL5001I .-40°Cto85°C 

Storage temperature range, Tgtg . -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to network ground terminal. 


DISSIPATION RATING TABLE 


PACKAGE 

Ta < 25°C 

DERATING FACTOR 

Ta = 70°c 

Ta = 85°C 

POWER RATING 

ABOVE Ta = 25°C 

POWER RATING 

POWER RATING 

D 

725 mW 

5.8 mW/°C 

464 mW 

377 mW 

P 

1000 mW 

8.0 mW/°C 

640 mW 

520 mW 


recommended operating conditions 



MIN 

MAX 

UNIT 

Supply voltage, Vqq 

3.6 

40 

V 

Amplifier input voltage, V|(fb) 

0 

1.5 

v 

Output voltage, Vq, OUT 

50 

V 

Output current, Iq, OUT 

20 

mA 

COMP source current 

45 

pA 

COMP dc load resistance 

100 


Oscillator timing resistor, Rt 

15 

250 

kQ 

Oscillator frequency, fosc 

40 

400 

kHz 

Operating ambient temperature, Ta 

TL5001C 

-20 

85 

op 

TL50011 

-40 

85 

V-/ 


Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


4-127 













































TL5001, TL5001Y 

PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


SLVS084C - APRIL 1994 - REVISED SEPTEMBER 1995 


electrical characteristics over recommended operating free-air temperature range, Vqq = 6 V, 
fosc = 100 kHz (unless otherwise noted) 

reference 


PARAMETER 

TEST CONDITIONS 

TL5001C, TL5001I 

UNIT 

MIN 

TYPt 

MAX 

Output voltage 

COMP connected to FB 

0.95 

1 

1.05 

V 

Input regulation 

Vcc = 3.6Vto40V 


2 

12.5 

mV 


Ta = -20°C to 25°C (TL5001C) 

-10 

-1 

10 


Output voltage change with temperature 

Ta = -40°C to 25‘=>C (TL50011) 

-10 

-1 

10 

mVA/ 


Ta = 25X to 85°C 

-10 

-2 

10 



t All typical values are at Ta = 25°C. 

undervoltage lockout 


PARAMETER 

TL5001C, TL5001I 

UNIT 

MIN TYPt MAX 

Upper threshold voltage 

3 

V 

Lower threshold voltage 

2.8 

V 

Hysteresis 

100 200 

mV 


t All typical values are at Ta = 25°C. 

short-circuit protection 


PARAMETER 

TEST CONDITIONS 

TL5001C, TL5001I 

UNIT 

MIN TYPt MAX 

SCP threshold voltage 

Ta = 25"C 

0.95 1.00 1.05 

V 

SOP voltage, latched 

No pullup 

140 185 230 

mV 

SCP voltage, UVLO standby 

No pullup 

60 120 

mV 

Timing resistance 


185 

kQ 

SCP comparator 1 threshold voltage 


1.5 

V 


t All typical values are at Ta = 25°C. 

osciiiator 


PARAMETER 

TEST CONDITIONS 

TL5001C, TL5001I 

UNIT 

MIN TYPt MAX 

Frequency 

Rt= 100 kQ 

97 

kHz 

Standard deviation of frequency 


15 

kHz 

Frequency change with voltage 

Vcc = 3.6 V to 40 V 

1 

kHz 

Frequency change with temperature 

Ta = -20°C to 25°C 

-4 -0.4 4 

kHz 

Ta = 25°C to 85°C 

-4 -0.2 4 

Voltage at RT 


1 

V 


t All typical values are at Ta = 25°C. 
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electrical characteristics over recommended operating free-air temperature range, Vcc = 6 V, 
fosc = 100 kHz (unless otherwise noted) (continued) 

dead-time control 


PARAMETER 

TEST CONDITIONS 

TL5001C, TL5001I 

UNIT 


Output (source) current 


O.gxlRT^ I.IxiRT 

pA 

Input threshold voltage 

Duty cycle = 0% 

0.5 0.7 

V 

Duty cycle = 100% 

1.3 1.5 


t All typical values are at Ta = 25°C. 
t Output source current at RT 

error amplifier 


PARAMETER 

TEST CONDITIONS 

TL5001C, TL5001I 

UNIT 

MIN TYPt MAX 

Input voltage 


Vcc = 3-6 V to 40 V 

0 1.5 

V 

Input bias current 



-160 -500 

nA 

Output voltage swing 

Positive 


1.5 2.3 

V 

Negative 


0.3 0.4 

V 

Open-loop voltage amplification 



80 

dB 

Unity-gain bandwidth 



1.5 

MHz 

Output (sink) current 


V|(fb) = 1.2V, C0MP = 1 V 

100 600 

pA 

Output (source) current 


V|(FB) = 0-8 V, COMP = 1 V 

-45 -90 

pA 


t All typical values are at Ta = 25°C. 

output 


PARAMETER 

TEST CONDITIONS 

TL5001C, TL5001I 

UNIT 

MIN TYPt MAX 

Output saturation voltage 

IO = 10 mA 

1.5 2 

V 

Off-state current 

Vo = 50 V, Vcc = 0 

10 


Vo = 50 V 

10 

Short-circuit output current 

Vo = 6V 

40 

mA 


t All typical values are at Ta = 25°C. 

totai device 


PARAMETER 

TEST CONDITIONS 

TL5001C,TL5001I 

UNIT 

MIN TYPt MAX 

Standby supply current 

Off state 


1 1.5 

mA 

Average supply current 

Rt= lOOkQ 

1.1 2.1 

mA 


t All typical values are at Ta = 25°C. 
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t 

electrical characteristics, Vcc = 6 V, fosc = 100 kHz, = 25°C (unless otherwise noted) 
reference 




TL5001Y 




MIN TYP MAX 


Output voltage 

COMP connected to FB 

1 

V 

Input regulation 

Vcc = 3-6 V to 40 V 

2 

mV 

Output voltage change with temperature 


-2 

mVA/ 


undervoltage lockout 


PARAMETER 

TL5001Y 

UNIT 


MIN TYP MAX 


Upper threshold voltage 

3 

V 

Lower threshold voltage 

2.8 

V 

Hysteresis 

200 

mV 


short-circuit protection 


PARAMETER 

TEST CONDITIONS 

TL5001Y 

UNIT 

MIN TYP MAX 

SCP threshold voltage 


1 

V 

SCP voltage, latched 

No pullup 

185 

mV 

SCP voltage, UVLO standby 

No pullup 

60 

mV 

Timing resistance 


185 

kQ 

SCP comparator 1 threshold voltage 


1.5 

V 
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electrical characteristics, Vcc = 6 V, fosc = 100 kHz, = 25''C (unless otherwise noted) (continued) 


dead-time control 


PARAMETER 

TEST CONDITIONS 

TL5001Y 

UNIT 

MIN TYP MAX 

Input threshold voltage 

Duty cycle = 0% 

0.7 

V 

Duty cycle = 100% 

1.3 


error amplifier 


PARAMETER 

TEST CONDITIONS 

TL5001Y 

UNIT 

MIN TYP MAX 

Input bias current 



.-160 

nA 

Output voltage swing 

Positive 


2.3 

V 

Negative 


0.3 

V 

Open-loop voltage amplification 



80 

dB 

Unity-gain bandwidth 



1.5 

MHz 

Output (sink) current 


Vi(fb) = 1.2V, C0MP = 1 V 

600 

liA 

Output (source) current 


V|{FB) = 0.8 V, COMP = 1 V 

-90 

pA 


output 


PARAMETER 

TEST CONDITIONS 

TL5001Y 

UNIT 

MIN TYP MAX 

Output saturation voltage 

Iq = 10 mA 

1.5 2 

V 

Short-circuit output current 

< 

O 

II 

o> 

< 

40 

mA 
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PARAMETER MEASUREMENT INFORMATION 



cS!ssXFinmip|i^^ 

TJUUUUlilUlJ^^ 


OUT 

SCP f 
Comparator 1 | 


If 


SCP ~r 

T 

I 

SCP I 
Comparator 2 


bt 




3V 



U-J— SCP Timing Period 


OV 


NOTE A. The waveforms show timing characteristics for an intermittent short circuit and a longer short circuit that is sufficient to activate SCR 

Figure 4. PWM Timing Diagram 
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TYPICAL CHARACTERISTICS 


OSCILLATOR FREQUENCY 


vs 



10 k 100 k 1M 

Rt - Timing Resistance - Q 


Figure 5 


REFERENCE OUTPUT VOLTAGE 
vs 

POWER-SUPPLY VOLTAGE 
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Vcc “ Power-Suppiy Voltage - V 


Figure 7 


OSCILLATION FREQUENCY 


vs 



-50 -25 0 25 50 75 100 

Ta - Ambient Temperature - °C 

Figure 6 


REFERENCE OUTPUT VOLTAGE FLUCTUATION 
vs 

AMBIENT TEMPERATURE 



Figure 8 
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TYPICAL CHARACTERISTICS 


AVERAGE SUPPLY CURRENT 


vs 

POWER-SUPPLY VOLTAGE 



Vcc ” Power-Supply Voltage - V 


Figure 9 


PWM TRIANGLE WAVE AMPLITliOE VOLTAGE 
vs 

OSCILLATOR FREQUENCY 



10 k 100 k 1M 10 M 

fosc ■" Oscillator Frequency - Hz 

Figure 11 


AVERAGE SUPPLY CURRENT 
vs 

AMBIENT TEMPERATURE 



Ta - Ambient Temperature - °C 


Figure 10 


ERROR AMPLIFIER OUTPUT VOLTAGE 
vs 

OUTPUT (SINK) CURRENT 



Iq - Output (Sink) Current - mA 


Figure 12 
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TYPICAL CHARACTERISTICS 


ERROR AMPLIFIER OUTPUT VOLTAGE 
vs 


OUTPUT (SOURCE) CURRENT 



0 20 40 60 80 100 120 

Iq - Output (Source) Current - \iA 


ERROR AMPLIFIER OUTPUT VOLTAGE 


vs 

AMBIENT TEMPERATURE 



Figure 13 


ERROR AMPLIFIER OUTPUT VOLTAGE 


vs 



-50 -25 0 25 50 75 100 


Figure 14 

ERROR AMPLIFIER CLOSED-LOOP GAIN AND 
PHASE SHIFT 



Ta - Ambient Temperature - °C 


fosc “ Oscillator Frequency - Hz 


Figure 15 


Figure 16 
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TYPICAL CHARACTERISTICS 


OUTPUT DUTY CYCLE 
vs 



0 0.5 1 1.5 2 

DTC Voltage-V 

Figure 17 

DTC OUTPUT CURRENT 


vs 



0 -10 - 20 - 30 - 40 - 50 - 60 

Iq “ RT Output Current - 

Figure 19 


SCP TIME-OUT PERIOD 
vs 

SCP CAPACITANCE 



Figure 18 

OUTPUT SATURATION VOLTAGE 


vs 

OUTPUT (SINK) CURRENT 



0 5 10 15 20 

Iq “ Output (Sink) Current - mA 

Figure 20 
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APPLICATION INFORMATION 



U1 TL5001 Texas Instruments 

Q1 TPS1101 Texas instruments 

LI CTX20-1 or Coiltronics 

23 turns of #28 wire on 
Micrometals No. T50-26B core 
C1 TPSD107M010R0100 AVX 

C2 TPSD107M010R0100 AVX 

CR1 MBRS140T3 Motorola 

NOTES: A. Frequency = 200 kHz 

B. Duty cycle = 90% max 

C. Soft-start time constant (TC) = 5.6 ms 

D. SCPTC = 70msA 

Figure 21. Step-Down Converter 
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TPS6734I 

FIXED 12-V 120-mA BOOST-CONVERTER SUPPLY 


SLVS127-AUGUST 1995 


p 

Pin-for-Pin Compatible With MAX734 

DORP PACKAGE 

1 • 

Programming Voltage for Flash Memory 


(IUK VltWJ 

1 

1 • 

2.7-V to 11-V Input Operating Range 

EN [ 

7^ 


] Vcc 

1 • 

Output Current of 120 mA or Greater From 

REF[ 

2 

7 

]FB 

I 

3.75-V or Higher Input 

SS [ 

3 

6 

]OUT 

• 

3-{iA Maximum Supply Current in 

Shutdown 

COMP [ 

4 

5 

]GND 


• Only 5 External Components Required 

• High Efficiency.., 85% Typical (5-V Input, 
120-mA Output) 

• 8-Pin SOIC and DIP Packages 

• -40°C to 85°C Free-Air Operating 
Temperature Range 


description 

The TPS6734 is a fixed 12-V output boost converter capable of delivering 120 mA from inputs as low as 
3.75 V. The device Is pin-for-pin compatible with the MAX734 regulator and offers the following advantages: 
lower supply current, wider operating Input-voltage range, and higher output currents. As shown in Figure 1, 
the only external components required are: an inductor, a Schottky rectifier, an output filter capacitor, an Input 
filter capacitor, and a small capacitor for loop compensation. The entire converter occupies less than 0.7 in^ of 
PCB space when Implemented with surface-mount components. An enable input Is provided to shut the 
converter down and reduce the supply current to 3 pA when 12 V Is not needed. 

The TPS6734 is a 170-kHz current-mode PWM (pulse-width modulation) controller with an n-channel MOSFET 
power switch. Gate drive for the switch is derived from the 12-V output after start-up to minimize the die area 
needed to realize the 0.7-Q MOSFET and improve efficiency at input voltages below 5 V. Soft start Is 
accomplished with the addition of one small capacitor. A1.22-V reference (pin 2) is brought out for external use. 

High efficiency at low supply voltages and low supply current in shutdown make the TPS6734 particularly 
attractive for flash memory programming supplies, PCMCIA cards, and operational amplifiers In 
battery-powered equipment. The TPS6734 is available In 8-pln DIP and SOIC packages and operates over a 
free-air temperature range of -40°C to 85°C. 

V| 

3.75 V to 12 V 

ENABLE 



Figure 1. Typical Operating Circuit 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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AVAILABLE OPTIONS 


Ta 

PACKAGE I 

SMALL OUTLINE 
(D) 

PLASTIC DIP 
(P) 

-40°C to 85°C 

TPS6734ID 

TPS6734IP 


The D package is available taped and reeled. Add the suffix R 
to the device type (e.g., TPS6734IDR). 


TPS6734 chip information 

Thermal compression or ultrasonic bonding can be used on the doped-aluminum bonding pad. Chips can be 
mounted with conductive epoxy or a goid-siiicon preform. Contact factory for die saies. 
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FIXED 12-V 120-mA BOOST-CONVERTER SUPPLY 


functional block diagram 


170-kHz 

Oscillator 


Power Switch 


Error 

Amplifier 


PWM Drive Latch i-- 

Comparator 


Voltage 

Reference 


xeK 2; 


Current 
Sense Amplifier 


Overcurrent 

Comparator 



Terminal Functions 


Enable. EN > 2 V turns on the TPS6734. EN < 0.4 V turns it off and reduces the supply current to 3 pA max. 


1.22-V reference voltage output. REF can source 100 pA for external loads. 


Soft Start. A capacitor between SS and GND brings the output voltage up slowly at power-up. 


Compensation connection. A 0.001-pF capacitor between COMP and FB stabilizes the feedback loop. 


Ground 


N-channel MOSFET drain connection 


Feedback voltage. FB Is connected to the converter output for the feedback loop. 


Supply voltage input 
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detailed description 

The following descriptions refer to the functional block diagram. 

reference 

The internal 1.22-V reference is brought out on REF and can source 100 pA maximum to external loads. A 
0.01 -pF to 0.1 -pF decoupling capacitor connected between REF and GND is recommended to minimize noise 
pickup. 

oscillator and ramp generator 

The oscillator circuit provides a 170-kHz clock, to set the converter operating frequency, and a timing ramp for 
slope compensation. The clock waveform Is a pulse, a few hundred nanoseconds in duration, that is used to 
limit the maximum power-switch duty cycle to 95%. The timing ramp is summed with the current-sense signal 
at the input to the current-sense amplifier. 

driver latch 

The latch, which consists of a set/reset flip-flop and associated logic, is used to control the state of the power 
switch by turning the driver on and off. A high output from the latch turns the switch on; a low output from the 
latch turns it off. In normal operation, the flip-flop is set high during the clock pulse, but gating keeps the latch 
output low until the clock pulse is over. The latch is reset when the PWM comparator output goes high. 

current-sense amplifier 

The current-sense amplifier has a fixed gain of 6. It amplifies the slope-compensated current-sense voltage (a 
summation of the voltage on the current-sense resistor and the oscillator ramp) and feeds it to the PWM 
comparator. 

error amplifier 

The error amplifier is a high-gain differential amplifier used to regulate the converter output voltage. The 
amplifier generates an error signal, which Is fed to the PWM comparator. The error signal is generated when 
a sample of the output voltage is compared to the Internal reference and the difference is amplified. The output 
sample is obtained from a resistive divider connected between FB and GND. FB is externally connected to the 
converter output, and the divider output Is connected to both the error amplifier input and COMP. A 0.001 -pF 
capacitor connected between FB and COMP stabilizes the voltage control loop. 

PWM comparator 

The PWM comparator resets the drive latch and turns off the power switch whenever the slope-compensated 
current-sense signal from the current-sense amplifier exceeds the error signal. 

power switch 

The power switch is a 0.7-Q n-channel MOSFET with current-sensing. The drain is connected to OUT and the 
current sense is connected to a resistor. The voltage across the resistor Is proportional to the current in the 
power switch and Is tied to the overcurrent comparator and the current-sense amplifier. In normal operation, 
the power switch is turned on at the start of each clock cycle and turned off when the PWM comparator resets 
the drive latch. 

SS clamp 

The SS (soft-start) clamp circuit limits the signal level on error-amplifier output during start-up. The voltage on 
SS is amplified and used to momentarily override the error-amplifier output until it rises above that output, at 
which point the error-amplifier takes over. This prevents the input to the PWM comparator from exceeding its 
common-mode range (the error-amplifier output too high to be reached by the current ramp) by limiting the 
maximum voltage on the error-amplifier output during start-up. 


Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


4-142 





TPS6734I 

FIXED 12-V 120-mA BOOST-CONVERTER SUPPLY 


SLVS127-AUGUST 1995 


soft start 

Soft start causes the output voltage to increase to the regulation point at a controlled rate of rise. The voltage 
on the charging soft-start capacitor gradually raises the clamp on the error-amplifier output voltage, limiting 
surge currents at power-up by Increasing the current-limit threshold on a cycle-by-cycle basis. Even If SS has 
no capacitor installed, some distributed capacitance will always be present. A soft-start cycle is initiated when 
either the enable signal (EN) is switched high, or an overcurrent fault condition triggers the discharge of the 
soft-start capacitor. 

overcurrent comparator 

The overcurrent comparator monitors the current In the power switch. The comparator trips and initiates a 
soft-start cycle if the power-switch current exceeds 1.5-A peak. On each clock cycle, the power switch turns on 
and attempts to deliver current until the overcurrent limits are exceeded. 

enable (EN) 

A logic low on EN puts the TPS6734 in shutdown mode. In shutdown, the output power switch, voltage 
reference, and other functions are shut off, the supply current is reduced to 3 pA maximum, and the soft-start 
capacitor is discharged through a 1 resistance. The output voltage falls to a diode drop below the input 
voltage because of the current path from input to output through the inductor and diode. 


DISSIPATION RATING TABLE 


PACKAGE 

Ta < 25°C 

DERATING FACTOR 

Ta = 70 °c 

Ta = 85°C 

POWER RATING 

ABOVE Ta = 25°C 

POWER RATING 

POWER RATING 

D 

725 mW 

5.8 mW/°C 

464 mW 

377 mW 

P 

1175 mW 

9.4 mW/X 

752 mW 

611 mW 


absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)t 


Pin voltages: Vqq OUT (see Note 1) .-0.3 V to 15 V 

SS, COMP, EN (see Note 1) .. -0.3 V to Vcc+ 0.3 V 

Peak switch current ... 1.5 A 

Reference current .,... 2.5 mA 

Continuous power dissipation . See Dissipation Rating Table 

Operating free-air temperature range, T^ ... -40°C to 85°C 

Storage temperature range, Tstg .. -65°C to 150°C 

Lead temperature 1,6 mm (1/16 Inch) from case for 10 s . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to network terminal ground. 
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recommended operating conditions 



1 MIN NOM MAX 

UNIT 

Supply voltage 


V 

Compensation capacitor 

0.001 

pF 

Output current at REF 

0 100 

pA 

Reference capacitor 

0.01 

I^F 

Operating free-air temperature, Ta 

in 

00 

o 

1 



eiectrical characteristics over recommended operating free-air temperature range, Vqq = 5 V, 
Io(load) = 0 EN =: 5 V, typicai vaiues are at = 25''C (uniess otherwise noted) (refer to circuit 
shown in Figure 13) 


1 PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNITS 

Supply current 

Operating 

Entire circuit 

1.2 2.5 

mA 

Standby 

EN = 0.4 V, entire circuit 

3 

liA 

EN = 0.4 V, Into Vqq 

3 

pA 

High-level input threshold voltage at EN 


2 

V 

Low-level input threshold voltage at EN 


0.4 

V 

Shutdown input leakage current at EN 


-1 1 

pA 

On resistance at OUT 

Current at OUT = 500 mA 

0.7 

a 

Leakage current at OUT 

Vds = 12V 

1 

pA 

Reference voltage 


1.22 

V 

Reference drift 

Ta = -40*^0 to es'^c 

6.7 

ppm/°C 

Oscillator frequency 


170 

kHz 

Compensation pin impedance 


7500 

Q 


performance characteristics over recommended operating free-air temperature range, typical 
circuit connected as shown in Figure 13, typicai values are at = 25°C (unless otherwise noted) 
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TYPICAL CHARACTERISTICS 

LOAD TRANSIENT RESPONSE 
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Figure 2 

LINE TRANSIENT RESPONSE 
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Figure 3 
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TYPICAL CHARACTERISTICS 


OSCILLATOR FREQUENCY 
vs 

EN RESPONSE TIME SUPPLY VOLTAGE 



t-Time-mS Vec - Supply Voltage - V 


Figure 4 


Figure 5 
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Figure 6 
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Figure 7 
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APPLICATION INFORMATION 


The TPS6734 operates in a boost circuit as shown in Figures 1 and 11. Figure 1 shows the typical application 
circuit, which generates 12 V from a nominal 5-V source. The circuit is ideal for processor interface for energy 
management, because EN can be controlled by logic signals to place the 12-V source into the shutdown mode 
(3-|xA current drain) when 12 V is not needed. An example of such an application is a flash memory device that 
requires 12 V for the erase cycle. 

discontinuous mode 


The circuit shown In Figure 1 operates in discontinuous mode over most of the range of input voltage and output 
current. In discontinuous mode, current through the Inductor begins at zero, rises to a peak value, then ramps 
down to zero each cycle as shown by the voltage and current waveforms in Figure 8. The ringing in the voltage 
waveform on OUT results from a resonance between the inductor and the power switch capacitance and is 
normal for discontinuous operation. 



0 2 4 6 8 10 12 14 16 18 


t - Time - |is 

Figure 8 
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APPLICATION INFORMATION 

continuous mode 

When the converter is delivering heavy loads from low voltage sources, it operates in continuous mode. As 
shown in Figure 9, the inductor current does not drop to zero and the ringing Is gone from the OUT voltage 
waveform. 

CONTINUOUS MODE 



0 2 4 6 8 10 12 14 16 18 

t - Time 


Figure 9 

pulse-skipping mode 

At very light load currents, the TPS6734 cannot generate drive pulses sufficiently narrow to maintain regulation 
and operate at 170 kHz. Under these circumstances, the converter operates In a pulse-skipping mode, in which 
cycles are skipped. In pulse-skipping mode, the waveforms are Irregular and the output ripple contains a 
low-frequency component that may exceed 50 mV peak-to-peak. 
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APPLICATION INFORMATION 


efficiency 

Typical efficiency for the converter circuit shown in Figure 13 is plotted in Figure 10. The efficiency falls off 
rapidly at very light currents because the supply current is a significant percentage of the load. 

EFFICIENCY 

vs 

OUTPUT CURRENT 



Iq - Output Current - mA 

Figure 10 


inductor selection 

Inductance value is directly proportional to the input voltage and inversely proportional to the output power. The 
18 pH shown In the typical circuit is the proper value for operation from 5-V sources up to 2-W loads. A lower 
Inductance value should be used when operating from 3-V sources. Operation from 7 V and higher sources may 
require inductance values greater than 18 pH. The inductor’s saturation current rating should be greater than 
three times the dc load current for 5-V inputs and five times the dc load for 3-V Inputs. 

output filter capacitor selection 

The output filter capacitor should be selected for minimum ESR (equivalent series resistance). Capacitor 
ESR X AIl (change in inductor current) determines the amplitude of the high-frequency ripple on the output 
voltage. The ESR of the capacitor should be less than 0.25 Q to keep the output ripple less than 50 mV 
peak-to-peak over the entire current range (using 18-pH inductor). 

diode 

A Schottky diode or a high-speed silicon rectifier should be used. The continuous current rating of the diode 
should be at least 300 mA for full load (120 mA) operation. 
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APPLICATION INFORMATION 


soft-start capacitor 

Soft-start timing is controlled by the value of the SS capacitor. Table 1 lists soft-start time intervals for selected 
capacitor values and circuit conditions. If the circuit starts up with no load (e.g. in flash-memory programming 
supplies), no soft start is needed. Omitting the soft-start capacitor provides a minimum output-voltage rise time 
from the shutdown state, improving the output start-up time. 


Table 1. Typical Soft-Start Times 


SUPPLY 
VOLTAGE (V) 

SOFT-START TIMEt (ms) VERSUS CAPACITANCE (^iF) | 

NO. CAP 

0.047 

0.1 

0.47 

1.0 

5 

0.70 

22 

42 

220 

400 

7 

0.46 

15 

37 

185 

225 

9 

0.38 

10 

17 

88 

155 


t Soft-start times are ±35% 


printed-circuit layout 

Printed-circuit-board (PCB) layout is critical to quiet operation. A ground plane is recommended. Special 
attention should be given to minimizing the lengths of the switching loops. The first loop is formed by OUT, the 
diode, the output capacitor, and GND, the length of which can be minimized by connecting the anode of the diode 
close to OUT. The output capacitor should be connected, directly between the diode cathode and GND with the 
shortest possible path. The second loop is formed by OUT, the inductor, the input capacitor, and GND. This loop 
is less critical than the first; however, the connection of OUT, the inductor and the anode of the diode must be 
minimized. Bypass capacitors should be located as close to the device as possible to prevent instability and 
noise pickup. If a large VQQ-to-GND bypass capacitor cannot be placed adjacent to the IC pins, the pins should 
be bypassed directly with a small ceramic capacitor (e.g., 0.1 pF). The recommended layout shown In 
Figures 14 through 17 can provide guidance for PCB configuration (the ground plane beneath the TPS6734 and 
the short loops should be noted). 

Plastic plug-in-type proto boards, or any construction scheme that allows long leads and the possibility of noise 
pickup, should not be used when assembling a breadboard or prototype application circuit implementing the 
TPS6734. 
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APPLICATION INFORMATION 


bootstrapped output circuit 

For operation below 2.7 V, the TPS6734 may be connected In a bootstrap configuration as shown In Figure 11. 
The bootstrap configuration is less efficient (requires more supply current and suffers a loss in efficiency at 
voltages below 5 V; see Figure 12) and is not recommended except for very low voltage operating conditions. 
Because the output-driver stage, which benefits most from higher voltages, is diode-coupled to the output 
voltage (see Figure 2), the bootstrapped configuration provides no benefit except at very low voltages. In the 
shutdown mode (EN = low), no-load quiescent current is unchanged (3 pA max) whether in the bootstrap or the 
typical configuration. 


2Vto12V ^ 

1- 

1 

TPS6734 

EN Vcc 

REF FB 

SS OUT 

COMP GND 

_ W _ 

[s 


CHMDI.C - 


_ ^ 

3 

L-i 

6 

1 

-< 

► ^ 

) 18|iH 

) 1 A, 20 V 

) 

_^ 

0.0047 |iF ^ 

- 

4 

5 






)\ 1 

33 ^iF 


L 





0.001 iiF 


Figure 11. TPS6734 Bootstrap Configuration 


Vo 

12 V, 120 mA 


EFFICIENCY 

vs 

OUTPUT CURRENT FOR TYPICAL AND BOOTSTRAP 



Iq - Output Current - mA 
Figure 12 
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APPLICATION INFORMATION 

TPS6734 converter design with recommended layout 

The following schematic (Figure 13) and a required-components table are provided for a 12-V-output boost 
converter. The converter is capable of delivering 120 mA of output current over an input voltage range of 3.75 V 
to 12 V. Recommended layout and detailed artwork for a PCB are provided In Figures 14 through 17. 


PI 



NOTE A: A jumper between pins P1 -3 and P1 -4 shuts off the TPS7634. Remove the jumper to resume normal operation. 

Figure 13. Schematic for Printed Circuit Board (shown in Figures 14 through 17) 


Required Components 


QTY. 

DESCRIPTION 

REF DES 

MANUFACTURER’S 
PART NO. 

MANUFACTURER 

1 

1C, power supply, 12 V for flash memory 

U1 

TPS6734ID 

Texas Instruments 

1 

Diode, Schottky 

D1 

SS12 

General Instruments 

1 

Inductor, 18 |liH, 150 mQ, 1.23 A(DC) 

LI 

CD54180MC 

Sumida 

2 

Capacitor, 33 |iF, 20 V, tantalum 

Cl ,5 

TAPSD336M020R0200 

AVX 

1 

Capacitor, 0.01 pF, 50 V, ceramic, 0805 

C2 



1 

Capacitor, 0.047 pF, 50 V, ceramic, 1206 

C3 



1 

Capacitor, 0.001 pF, 50 V, ceramic, 0805 

C4 



2 

Connector, header, 4-pin 

PI ,2 


Molex 

1 

PCB, TPS6734 
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Figure 14. Component Placement 
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Figure 15. Solder Paste Mask 
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Figure 16. Printed Circuit, Component Side 



Figure 17. Printed Circuit, Wiring Side 
(Viewed from Component Side) 
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MECHANICAL DATA 


D (R-PDSO-G**) 


PLASTIC SMALL-OUTLINE PACKAGE 


14 PIN SHOWN 



D 


16 



a344 

(8.75) 

0.^ 

(10.00) 

A MIN 

0.189 

(4,80) 


0.386 

(9,80) 




U_u_ 




0.069 (1,75) MAX 


0.010(0,25) 

0.004(0,10) 





NOTES: A. 

B. 

C. 

D. 

E. 


All linear dimensions are in inches (millimeters). 

This drawing is subject to change without notice. 

Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15). 
Four center pins are connected to die mount pad 
Falls within JEDEC MS-012 
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MECHANICAL DATA 


P (R-PDIP-T8) PLASTIC DUAL-IN-LINE PACKAGE 




NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Falls within JEDEC MS-001 


Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


4-156 







UC284X, UC384X, UC384xY 
CURRENT-MODE PWM CONTROLLERS 


SLVS038B - JANUARY 1989 - REVISED AUGUST 1995 


• Optimized for Off-Line and dc-to-dc 
Converters 

• Low Start-Up Current (<1 mA) 

• Automatic Feed-Forward Compensation 

• Pulse-by-Pulse Current Limiting 

• Enhanced Load-Response Characteristics 

• Undervoltage Lockout With Hysteresis 

• Double Pulse Suppression 

• High-Current Totem-Pole Output 

• Internally Trimmed Bandgap Reference 

• 500-kHz Operation 

• Error Amplifier With Low Output 
Resistance 

• Designed to Be interchangable With 
Unitrode UC2842 and UC3842 Series 

description 

The UC2842 and UC3842 series of control integrated circuits provide the features that are necessary to 
implement off-line or dc-to-dc fixed-frequency current-mode control schemes with a minimum number of 
external components. Some of the Internally implemented circuits are an undervoltage lockout (UVLO) featuring 
a start-up current of less than 1 mA and a precision reference trimmed for accuracy at the error amplifier input. 
Other Internal circuits include logic to ensure latched operation, a pulse-width modulation (PWM) comparator 
(which also provides current-limit control), and a totem-pole output stage designed to source or sink high-peak 
current. The output stage, suitable for driving N-channel MOSFETs, is low when it is in the off state. 

The primary difference between the UC2842-series devices and the UC3842-series devices is the ambient 
operating temperature range. The UC2842-series devices operate between -40°C and 85°C; the 
UC3842-series devices operate between 0°C and 70°C. Major differences between members of these series 
are the UVLO thresholds and maximum duty cycle ranges. Typical UVLO thresholds of 16 V (on) and 10 V (off) 
on the UCx842 and UCx844 devices make them ideally suited to off-line applications. The corresponding typical 
thresholds for the UCx843 and UCx845 devices are 8.4 V (on) and 7.6 V (off). The UCx842 and UCx843 devices 
can operate to duty cycles approaching 100%. A duty cycle range of 0 to 50% is obtained by the UCx844 and 
UCx845 by the addition of an internal toggle flip-flop, which blanks the output off every other clock cycle. 


NC[ 2 13 ] NC 

VFB[ 3 12 ]Vcc 

NC[ 4 11 ] VC 

ISENSE[ 5 10 ] OUTPUT 

NC[ 6 9]GND 

RT/CT[ 7 8 ] POWER 

I-' GROUND 

NC - No internal connection 


P PACKAGE 
(TOP VIEW) 

COMP[ 1 8 ]REF 

VFB[ 2 7 ] Vcc 

ISENSE[ 3 6 ] OUTPUT 

RT/CT[ 4 5 ] GND 


D PACKAGE 
(TOP VIEW) 


AVAILABLE OPTIONS 



PACKAGED DEVICES 

CHIP 

Ta 

SMALL OUTLINE 
(D) 

PLASTIC DIP 

(P) 

FORM 

(V) 


UC3842D 

UC3842P 

UC3842Y 

0°C to 70°C 

UC3843D 

UC3843P 

UC3843Y 

UC3844D 

UC3844P 

UC3844Y 


UC3845D 

UC3845P 

UC3845Y 


UC2842D 

UC2842P 

— 

-40°C to 85°C 

UC2843D 

UC2843P 

— 

UC2844D 

UC2844P 

— 


UC2845D 

UC2845P 

— 


The DW package is available taped and reeled. Add the suffix R to the device type, (i.e., 
LT1054CDWR). 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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functional block diagram 



t The toggle flip-flop is present only in UC2844, UC2845, UC3844, and UC3845. 
NOTE A: Terminal numbers apply to the D package only. 
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UC384xY chip information 

This chip, when properly assembled, displays characteristics similar to the UC384x. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum bonding pads. The chip may be mounted with 
conductive epoxy or a gold-silicon preform. 
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absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)t 


Supply voltage (see Note 1) (Iqc < 30 mA) ..... Self Limiting 

Analog input voltage range, V| (VFB and ISENSE terminals) . - 0.3 V to 6.3 V 

Output voltage, Vq (OUTPUT terminal) ... 35 V 

Input voltage, V|, (VC terminal, D package only) . 35 V 

Supply current, Iqq .... 30 mA 

Output current, \q .... ±1 A 

Error amplifier output sink current ..... 10 mA 

Continuous total power dissipation . . ... See Dissipation Rating Table 

Output energy (capacitive load) ....... 5 pJ 

Operating free-air temperature range, T^: UC284x .. . - 40°C to 85°C 

UC384X ....... 0°Cto70°C 

Storage temperature range, Tgtg .. — ... — - 65°C to 150°C 

Lead temperature, 1,6 mm (1/16 inch) from case for 10 seconds .. . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reiiability. 

NOTE 1: All voltages are with respect to the device GND terminal. 


DISSIPATION RATING TABLE 


PACKAGE 

Ta < 25°C 

DERATE 

Ta = 70°c 

Ta = 85°C 

POWER RATING 

ABOVE Ta = 25°C 

POWER RATING 

POWER RATING 

D 

950 mW 

7.6 mW/°C 

608 mW 

494 mW 

P 

1000 mW 

8.0 mW/°C 

640 mW 

520 mW 


recommended operating conditions 



UC284X 

UC384X 

UNIT 


MIN NOM 

MAX 

MIN NOM 

MAX 

Supply voltage, Vqq and VqT 

30 

30 

V 

Input voltage, V|, RT/CT 

0 

5.5 

0 

5.5 

V 

Input voltage, V|, VFB and ISENSE 

0 

5.5 

0 

5.5 

V 

Output voltage, Vq, OUTPUT 

0 

30 

0 

30 

V 

Output voltage, Vq, POWER GROUNDt 

-0.1 

1 

-0.1 

■n 

V 

Supply current, externally limited, Iqq 

25 

25 

mA 

Average output current, \q 

200 

200 

mA 

Reference output current, lo(ref) 

-20 

-20 

mA 

Timing capacitance, Cj 


1 

nF 

Oscillator frequency, fosc 

100 

500 

100 

500 

kHz 

Operating free-air temperature, Ta 

-40 

85 

0 

70 



t These recommended voltages for Vq and POWER GROUND apply only to the D package. 
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UC284X, UC384X, UC384xY 
CURRENT-MODE CONTROLLERS 


SLVS038B - JANUARY 1989 - REVISED AUGUST 1995 


electrical characteristics, Vcc = 15 V (see Note 2), Rj = 10 kn, Cj = 3.3 nF, T/v = full range 
(unless otherwise specified) 

reference section 


PARAMETER 

TEST CONDITIONS 

UC284X 

UC384X 

UNIT 

MIN TYPt MAX 

MIN TYPt max 

Output voltage 

Iq = 1 mA, Tj = 25X 

4.95 5 5.05 

4.9 5 5.1 

V 

Line regulation 

Vqq = 12 V to 25 V 

o 

C\J 

CD 

o 

CM 

CD 

mV 

Load regulation 

Iq = 1 mA to 20 mA 

6 25 

6 25 

mV 

Temperature coefficient of output voltage 


0.2 0.4 

C5 

CM 

CD 

mVV°C 

Output voltage with worst-case variation 

VQQ = 12Vto25V, 

Iq = 1 mA to 20 mA 

4.9 5.1 

4.82 5.18 

V 

Output noise voltage 

f = 10 Hz to 10 kHz, Tj = 25°C 

50 

50 

pV 

Output voltage long-term drift 

After 1000 hat Ta = 25°C 

5 25 

5 25 

mV 

Short-circuit output current 


-30 -100 -180 

-30 -100 -180 

mA 


t All typical values are at Tj = 25°C. 

NOTE 2: Adjust Vqq above the start threshold before setting it to 15 V. 

oscillator section 


PARAMETER 

TEST CONDITIONS 

UC284X 

UC384X 

UNIT 



Oscillator frequency (see Note 3) 

Tj = 25°C 

47 52 57 

47 52 57 

kHz 

Frequency change with supply voltage 

VQQ = 12Vto25V 

2 10 

2 10 

Hz/kHz 

Frequency change with temperature 

TA = TMINto TmaX 

50 

50 

Hz/kHz 

Peak-to-peak amplitude at RT/CT 


1.7 

1.7 

V 


t All typical values are at Tj = 25°C. 

NOTES: 2. Adjust Vqq above the start threshold before setting it to 15 V. 


3. Output frequency equals oscillator frequency for the UCx842 and UCx843. Output frequency is one-half oscillator frequency for the 
UCx844 and UCx845. 


error amplifier section 


PARAMETER 

TEST CONDITIONS 

UC284X 

UC384X 

UNIT 

mm 



muji 



Feedback input voltage 

COMP at 2.5 V 

2.45 

2.50 

2.55 

2.42 

2.50 

2.58 

V 

Input bias current 



-0.3 

-1 


-0.3 

-2 

|iA 

Open-loop voltage amplification 

Vq = 2 V to 4 V 

65 

90 


65 

90 


dB 

Gain-bandwidth product 


0.7 

1 


0.7 

1 


MHz 

Supply voltage rejection ratio 

Vqq = 12 V to 25 V 

60 

70 


60 

70 


dB 

Output sink current 

VFB at 2.7 V, 

COMP at 1.1 V 

2 

6 


2 

6 


mA 

Output source current 

VFB at 2.3 V, 

COMP at 5 V 

-0.5 

-0.8 


-0.5 

-0.8 


mA 

High-level output voltage 

VFB at 2.3 V, 

RL=15katoGND 

5 

6 


5 

6 


V 

Low-level output voltage 

VFB at 2.7 V, 

Rl= 15ki^toGND 


0.7 

1.1 


0.7 

1.1 

V 


t All typical values are at Tj = 25°C. 

NOTE 2: Adjust Vqq above the start threshold before setting it to 15 V. 
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UC284X, UC384X, UC384xY 
CURRENT-MODE PWM CONTROLLERS 


SLVS038B - JANUARY 1989 - REVISED AUGUST 1995 


electrical characteristics, Vqq = 15 V (see Note 2), Rj = 10 kO., Oj = 3.3 nF, = full range (unless 
otherwise specified) (continued) 

current sense section 


PARAMETER 

TEST CONDITIONS 

UC284X 

UC384X 

UNIT 

||QiQ2HQ3flHS3 


Voltage amplification 

See Notes 4 and 5 

2.85 3 3.13 

2.85 3 3.15 

VA/ 

Current sense comparator threshold 

COMP at 5 V, See Note 4 

0.9 1 1.1 

0.9 1 1.1 

V 

Supply voltage rejection ratio 

Vcc = 12 V to 25 V, See Note 4 

70 

70 

dB 

Input bias current 


-2 -10 

-2 -10 

HA 

Delay time to output 


150 300 

150 300 

ns 


t All typical values are at Tj = 25°C. 

NOTES: 2. Adjust Vqc above the start threshold before setting It to 15 V. 


4. These parameters are measured at the trip point of the latch with VFB at 0 V. 

5. Voltage amplification is measured between ISENSE and COMP with the input changing from 0 V to 0.8 V. 

output section 


PARAMETER 

TEST CONDITIONS 

UC284X 

UC384X 

UNIT 


MIN TYPt MAX 

High-level output voltage 

Iqh = -20 mA 

13 13.5 

13 13.5 

V 

Iqh = -200 mA 

12 13.5 

12 13.5 

Low-level output voltage 

•OL = 20 mA 

0.1 0.4 

0.1 0.4 

V 

Iql = 200 mA 

1.5 2.2 

1.5 2.2 

Rise time 

CL = 1nF, Tj = 25°C 

50 150 

50 150 

ns 

Fall time 

Cl = 1 nF, Tj = 25X 

50 150 

50 150 

ns 


t All typical values are at Tj = 25°C. 

NOTE 2. Adjust Vcc above the start threshold before setting it to 15 V. 

undervoitage iockout section 


PARAMETER 

TEST CONDITIONS 

UC284X 

UC384X 

UNIT 



imoji 

liSi 

MAX 


KjQQI 

MAX 

Start threshold voltage 

UCx842, 

UCx844 

15 

16 

17 

14.5 

16 

17.5 

y 

UCx843, 

UCX845 

7.8 

8.4 

9 

7.8 

8.4 

9 


Minimum operating voltage after start-up 

UCx842, 

UCx844 

9 

10 

11 

8.5 

10 

11.5 

V 

UCX843, 

UCx845 

7 

7.6 

8.2 

7 

7.6 

8.2 



t All typical values are at Tj = 25°C. 

NOTE 2. Adjust Vcc above the start threshold before setting it to 15 V. 

pulse-width-modulator section 


PARAMETER 

TEST CONDITIONS 

UC284X 

UC384X 

UNIT 

mjQi 

mmm 

I2I233I 



MAX 

Maximum duty cycle 

UCx842, UCX843 

95% 

97% 

100% 

95% 

97% 

100% 


UCx844, UCx845 

46% 

48% 

50% 

46% 

48% 

50% 


Minimum duty cycle 


0 

0 



t All typical values are at Tj = 25®C. 

NOTE 2, Adjust Vcc above the start threshold before setting it to 15 V. 

suppiy voitage 


PARAMETER 

TEST CONDITIONS 

UC284X 

UC384X 

UNIT 



|||Q]]J|QQj||| 

I2QI 

Start-up current 


0.5 

1 

0.5 

1 

mA 

Operating supply current 

VFB and ISENSE at OV 

11 

17 

11 

17 

mA 

Limiting voltage 

Ice = 25 mA 

34 

34 

V 


t All typical values are at Tj = 25°C. 

NOTE 2. Adjust Vcc above the start threshold before setting it to 15 V. 
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UC284X, UC384X, UC384xY 
CURRENT-MODE CONTROLLERS 


SLVS038B - JANUARY 1989 - REVISED AUGUST 1995 


electrical characteristics, Vqc = 15 V (see Note 2), Rj= 10 ko, Cj=3.3 nF, Tj = 25°C (unless otherwise 
specified) 

reference section 


PARAMETER 

TEST CONDITIONS 

UC384XY 

UNIT 

MIN TYP max 

Output voltage 

Iq = 1 mA 

5 

V 

Line regulation 

Vqq = 12 V to 25 V 

6 

mV 

Load regulation 

Iq = 1 mA to 20 mA 

6 

mV 

Temperature coefficient of output voltage 


0.2 

mVV^C 

Output noise voltage 

f = 10Hzto10kHz 

50 

pV 

Output voltage long-term drift 

After 1000 h at Ta = 25°C 

5 

mV 

Short-circuit output current 


-100 

mA 


NOTE 2. Adjust Vcc above the start threshold before setting it to 15 V. 

oscillator section 


PARAMETER 

TEST CONDITIONS 

UC384xY 

UNIT 

MIN TYP MAX 

Oscillator frequency (see Note 3) 


52 

kHz 

Frequency change with supply voltage 

Vqq = 12 V to 25 V 

2 

Hz/kHz 

Frequency change with temperature 


5 

Hz/kHz 

Peak-to-peak amplitude at RT/CT 


1.7 

V 


NOTES: 2. Adjust Vqq above the start threshold before setting it to 15 V. 

3. Output frequency equals oscillator frequency for the UCx842 and UCx843. Output frequency is one-half oscillator frequency for the 
UCx844 and UCx845. 


error amplifier section 


PARAMETER 

TEST CONDITIONS 

UC384XY 

UNIT 

MIN TYP MAX 

Feedback input voltage 

COMP at 2.5 V 

2.50 

V 

Input bias current 


-0.3 

pA 

Open-loop voltage amplification 

Vq = 2 V to 4 V 

90 

dB 

Gain-bandwidth product 


1 

MHz 

Supply voltage rejection ratio 

Vqq = 12 V to 25 V 

70 

dB 

Output sink current 

VFB at 2.7 V, COMP at 1.1 V 

6 

mA 

Output source current 

VFB at 2.3 V, COMP at 5 V 

-0.8 

mA 

High-level output voltage 

VFB at 2.3 V, Rl = 15 kQ to GND 

6 

V 

Low-level output voltage 

luji ii 

0.7 

V 


NOTE 2. Adjust Vqq above the start threshold before setting It to 15 V. 

current sense section 


PARAMETER 

TEST CONDITIONS 

UC384XY 

UNIT 

MIN TYP MAX 

Voltage amplification 

See Notes 4 and 5 

3 

VA/ 

Current sense comparator threshold 

COMP at 5 V, See Note 4 

1 

V 

Supply voltage rejection ratio 

Vqq = 12 V to 25 V, See Note 4 

70 

dB 

Input bias current 


-2 

pA 

Delay time to output 


150 

ns 


NOTES: 2. Adjust Vqq above the start threshold before setting it to 15 V. 

4. These parameters are measured at the trip point of the latch with VFB at 0 V. 

5. Voltage amplification is measured between ISENSE and COMP with the input changing from 0 V to 0.8 V. 
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UC284X, UC384X, UC384xY 
CURRENT-MODE PWM CONTROLLERS 


SLVS038B - JANUARY 1989 - REVISED AUGUST 1995 


electrical characteristics, Vcc = 15 V (see Note 2), Rj = 10 kQ, Cj = 3.3 nF, Tj = 25°C (unless 
otherwise specified) (continued) 

output section 


PARAMETER 

TEST CONDITIONS 

UC384XY 

UNIT 

MIN TYP MAX 

High-level output voltage 

lQj_l = -20 mA 

13.5 

V 

|qI_I = -200 mA 

13.5 

Low-level output voltage 

IqL = 20 mA 

0.1 

V 

IqL = 200 mA 

1.5 

Rise time 

Cl = 1 nF 

50 

ns 

Fall time 

u. 

c 

II 

-1 

O 

50 

ns 


NOTE 2. Adjust Vqq above the start threshold before setting it to 15 V. 

undervoltage lockout section 


PARAMETER 

TEST CONDITIONS 

UC384XY 

UNIT 

MIN TYP MAX 

Start threshold voltage 

UC3842Y, UC3844Y 

16 

V 

UC3843Y, UC3845Y 

8.4 

Minimum operating voltage after start-up 

UC3842Y, UC3844Y 

10 

V 

UC3843Y, UC3845Y 

7.6 


NOTE 2. Adjust Vqq above the start threshold before setting it to 15 V. 

pulse-width-modulator section 


PARAMETER 

TEST CONDITIONS 

UC384XY 

UNIT 

MIN TYP MAX 

Maximum duty cycle 

UC3842Y, UC3843Y 

97% 


UC3844Y, UC3845Y 

48% 


NOTE 2. Adjust Vqq above the start threshold before setting it to 15 V. 

supply voltage 


PARAMETER 

TEST CONDITIONS 

UC384XY 

UNIT 

MIN TYP 

MAX 

Start-up current 


0.5 

1 

mA 

Operating supply current 

VFB and ISENSEatOV 

11 

17 

mA 

Limiting voltage 

Iqq = 25 mA 

34 

V 


NOTE 2. Adjust Vqq above the start threshold before setting it to 15 V. 
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UC284X, UC384X, UC384xY 
CURRENT-MODE CONTROLLERS 


SLVS038B - JANUARY 1989 - REVISED AUGUST 1995 

APPLICATION INFORMATION 



NOTE A. Error amplifier can source or sink up to 0.5 mA. 

Figure 1. Error Amplifier Configuration 



NOTE A: Peak current (Is) is determined by the formula: 

I = 

S(max) Rg 

A small RC filter formed by resistor Rf and capacitor Cf may be required to suppress switch transients. 

Figure 2. Current Sense Circuit 
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UC284X, UC384X, UC384XY 
CURRENT-MODE PWM CONTROLLERS 


SLVS038B - JANUARY 1989 - REVISED AUGUST 1995 


APPLICATION INFORMATION 



DEAD TIME 
vs 


TIMING CAPACITANCE 



Figure 4 


TIMING RESISTANCE 
vs 

FREQUENCY 



^ Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


4-166 
















UC284X, UC384X, UC384xY 
CURRENT-MODE CONTROLLERS 


SLVS038B - JANUARY 1989 - REVISED AUGUST 1995 

APPLICATION INFORMATION 


open-loop laboratory test fixture 


In the open-loop laboratory test fixture shown in Figure 6, high-peak currents associated with loads necessitate 
careful grounding techniques. Timing and bypass capacitors should be connected close to the GND terminal 
in a single-point ground. The transistor and 5-kQ potentiometer sample the oscillator waveform and apply an 
adjustable ramp to the ISENSE terminal. 


4.7 ko. < 
1 ko. 

Error Amp < 
Adjust j 

4.7 kQ < 


2N2222I 


100 kQ 


5kQ 

ISENSE 

Adjust 


Rt 



DUT 


COMP 


REF 

VFB 

UC284X 

Vcc 


UC384X 


ISENSE 

OUTPUT 

RT/CT 


gnd| 


REF 


0.1 ^iF 


■<i>- 


Vcc 


0.1 ^iF ] 1 kQ, 1 W 


Output 


GND 


Ct 

Figure 6. Open-Loop Laboratory Test Fixture 


shutdown technique 

Shutdown of the PWM controller (see Figure 7) can be accomplished by two methods: either raise the voltage 
at ISENSE above 1 V or pull the COMP terminal below a voltage two diode drops above ground. Either method 
causes the output of the PWM comparator to be high (refer to block diagram). The PWM latch is reset dominant 
so that the output remains low until the next clock cycle after the shutdown condition at the COMP or ISENSE 
terminal is removed. In one example, an externally latched shutdown may be accomplished by adding an SCR 
that resets by cycling Vqq below the lower UVLO threshold. At this point the reference turns off, allowing the 
SCR to reset. 


Shutdown 



Shutdown 



Figure 7. Shutdown Techniques 
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UC284X, UC384X, UC384xY 
CURRENT-MODE PWM CONTROLLERS 


SLVS038B-JANUARY 1989-REVISED AUGUST 1995 

APPLICATION INFORMATION 

A fraction of the oscillator ramp can be resistively summed with the current sense signal to provide slope 
compensation for converters requiring duty cycles over 50% (see Figure 8). Note that capacitor C forms a filter 
with R2 to suppress the leading-edge switch spikes. 



Figure 8. Slope Compensation 


Texas 

Instruments 

4-168 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 





1 


~T 


3 


Supply Voltage Supervisors 

5 


~T 


Building Blocks and Special Functions 

8 

Applications 

9 

Mechanical Pata 

10 


5-1 






















Supply Voltage Supervisors 


Contents 


Page 

TL77xxA Supply Voltage Supervisors. 5-3 

TL77xxB Supply Voltage Supervisors . 5-15 

TL7757 Supply Voltage Supervisor and Precision Voitage 

Protector . 5-25 

TL7759 Suppiy Voitage Supervisors . 5-37 

TL7770-XX Duai Power-Suppiy Supervisors . 5-43 


5 


! 


5-2 








TL7702A, TL7705A, TL7709A, TL7712A, TL7715A 
TL7702AY, TL7705AY, TL7709AY, TL7712AY, TL7715AY 
SUPPLY VOLTAGE SUPERVISORS 

SLVS028C - APRIL 1983 - REVISED AUGUST 1995 


• Power-On Reset Generator 

• Automatic Reset Generation After 
Voltage Drop 

• Wide Supply Voltage Range 

• Precision Voltage Sensor 

• Temperature-Compensated Voltage 
Reference 

• True and Complement Reset Outputs 

• Externally Adjustable Pulse Duration 

description 

The TL77xxA family of monolithic integrated 
circuit supply voltage supervisors are specifically 
designed for use as reset controllers in micro¬ 
computer and microprocessor systems. The 
supply voltage supervisor monitors the supply for 
undervoltage condition s at th e SENSE input. 

During power up, the RESET output becomes 
active (low) when Vqq attains a value approaching 
3.6 V. At this point (assuming that SENSE is above 
V|j+), the delay timer function a ctivates a time 
delay after which outputs RESET and 
RESET go inactiv e (high and low respectively). When an undervoltage condition occurs during normal 
operation, outputs RESET and RESET go active. To ensure that a complete reset occurs, the reset outputs 
remain active for a time delay after the voltage at the SENSE Input exceeds the positive-going threshold value. 
The time delay Is determined by the value of the external capacitor Cj: t^ = 1.3 x 10^ x Cj, where Cj is in farads 
(F) and td is in seconds (s). 

During power down (assuming that SENSE is below V|j_), the outputs remain active until the Vqq falls below 
a maximum of 2 V. After this, the outputs are undefined. 

An external capacitor (typically 0.1 pF for the TL77xxAC and TL77xxAI and typically 0.02 pF for the TL77xxAM) 
must be connected to REF to reduce the influence of fast transients In the supply voltage. 

The TL77xxAC series are characterized for operation from 0°C to 70°C. The TL77xxAI series are characterized 
for operation from -40°C to 85°C. The TL7702AM and TL7705AM are characterized for operation over the full 
military range of -55°C to 125°C. 


NC ]4 
RE^ ]5 
NC ] 6 
CT ]7 
NC ] 8 


FK PACKAGE 
(TOP VIEW) 

LL O 
O lU O OO 

z DC z :> z 

ou fi ijiJTni ’ 

3 2 1 20 19 


9 10 11 12 13 

a,n.niQo. 


18C NC 
17[ 

16 C 

15[ 

14[ NC 


SENSE 

NC 

RESET 


O 


O 


O 


NC - No internal connection 


D, JG, OR P PACKAGE 
(TOP VIEW) 

TJ 


REF|1 1 


RESIN[ 2 
CT[ 3 
GND[ 4 


8 ] Vcc 

]SENSE 
]RESET 
]RESET 



AVAILABLE OPTIONS 


Ta 

PACKAGED DEVICES | 

CHIP FORM 
(Y) 

SMALL OUTLINE 
(D) 

CHIP CARRIER 
(FK) 

CERAMIC DIP 

(JG) 

PLASTIC DIP 
(P) 

0°Cto 

70°C 

TL7702ACD - TL7715ACD 



TL7702ACP - TL7715ACP 

TL7702ACY - TL7715ACY 

-40°C to 
85°C 

TL7702AID-TL7715AID 



TL7702AIP-TL7715AIP 


-55°C to 
125°C 


TL7702AIVIFK 

TL7705AMFK 

TL7702AMJG 

TL7705AMJG 




PRODUCTION DATA Information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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TL7702A, TL7705A, TL7709A, TL7712A, TL7715A 
TL7702AY, TL7705AY, TL7709AY, TL7712AY, TL7715AY 
SUPPLY VOLTAGE SUPERVISORS 

SLVS028C - APRIL 1983 - REVISED AUGUST 1995 

TL77XXAY chip information 


This chip, when properly assembled, displays characteristics similar to the TL77xxAC. Thermal compression 
or ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be mounted with 
conductive epoxy or a gold-silicon preform. 
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TL7702A, TL7705A, TL7709A, TL7712A, TL7715A 
TL7702AY, TL7705AY, TL7709AY, TL7712AY, TL7715AY 
SUPPLY VOLTAGE SUPERVISORS 

SLVS028C - APRIL 1983 - REVISED AUGUST 1995 

functional block diagram 


The functional block diagram is shown for illustrative purposes only; the actual circuit includes a trimming 
network to adjust the reference voltage and sense comparator trip point. 



NOTES; A. TL7702A: R1 = 0 U R2 = open 

TL7705A: R1 = 7.8 kQ, R2 = 10 kQ 
TL7709A: R1 = 19.7 kQ, R2 = 10 kQ 
TL7712A: R1 = 32.7 kQ, R2 = 10 kO 
TL7715A: R1 = 43.4 ka, R2 = 10 kO 

B. Terminal numbers shown are for the D, JG, or P package. 

C. Resistor values shown are nominal. 

timing diagram 


Vcc and SENSE 
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TI.7702A, TL7705A, TL7709A, TL7712A, TL7715A 
TL7702AY, TL7705AY, TL7709AY, TL7712AY, TL7715AY 
SUPPLY VOLTAGE SUPERVISORS 

SLVS028C-APRIL 1983 - REVISED AUGUST 1995 


absolute maximum ratings over operating free-air temperature (unless otherwise noted)t 


Supply voltage, Vcc (s ee Note 1) . . 20 V 

Input voltage range, Vj, RESIN ... -0.3 V to 20 V 

Input voltage range, V|, SENSE:TL7702A (see Note 2) ... -0.3 V to 6 V 

TL7705A . -0.3 V to 20 V 

TL7709A . -0.3 V to 20 V 

TL7712A,TL7715A... -0.3 V to 20 V 

High-level output current, Iqh , RESET ... -30 mA 

Low-level output current, Iql; RESET . 30 mA 

Continuous total power dissipation . See Dissipation Rating Table 

Operating free-air temperature range, T^: TL77xxAC . 0°C to 70°C 

TL77XXAI .-40°Cto85°C 

TL7702AM, TL7705AM . -55°Cto125°C 

Storage temperature range, Tgtg . -65°C to 150°C 

Case temperature for 60 seconds, Tq: FK package . 260°C 


Lead temperature 1,6 mm (1/16 Inch) from case for 10 seconds; D or P package . 260°C 

Lead temperature 1,6 mm (1/16 Inch) from case for 60 seconds: JG package . 300°C 

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to the network ground terminal. 


DISSIPATION RATING TABLE 


PACKAGE 

Ta<25°C 
POWER RATING 

DERATING FACTOR 
ABOVE Ta = 25X 

Ta = 70°c 
POWER RATING 

Ta = 85°C 
POWER RATING 

Ta = 125°C 
POWER RATING 

D 

725 mW 

5.8 mW/°C 

464 mW 

377 mW 

145 mW 

FK 

1375 mW 

11.0 mW/°C 

880 mW 

715 mW 

275 mW 

JG 

1050 mW 

8.4 mW/°C 

672 mW 

546 mW 

210 mW 

P 

1000 mW 

8.0 mW/°C 

640 mW 

520 mW 

200 mW 


recommended operating conditions 



TL77XXAC, TL77XXAI 

TL77XXAM 

UNIT 

MIN 

MAX 

MIN 

MAX 

Supply voltage, Vcc 

3.5 

18 

3.6 

10 

V 

High-level Input voltage at RESIN, V|h 

2 

2 

V 

Low-level input voltage at RESIN, V|l 

0.6 

0.6 

V 


TL7702A 

0 

See Note 2 

0 

See Note 2 



TL7705A 

0 

10 

0 

10 


Input voltage, SENSE, V| 

TL7709A 

0 

15 


V 


TL7712A 

0 

20 




TL7715A 

0 

20 



High-level output current, RESET, Iqh 

-16 

-16 

mA 

Low-level output current, RESET, Iql 

16 

16 

mA 

Timing capacitor, Cx 

10 

10 

HF 


TL77XXAC 

0 

70 


■■ 

Operating free-air temperature range, Ta 

TL77XXAI 

-40 

85 




BfssamEfsmm 

..-.-__! 

-55 

125 

■■ 


NOTE 2: For proper operation of the TL7702A, the voltage applied to the SENSE terminal should not exceed Vqq- 1 V or 6 V, whichever is less. 
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TL7702A, TL7705A, TL7709A, TL7712A, TL7715A 
TL7702AY, TL7705AY, TL7709AY, TL7712AY, TL7715AY 
SUPPLY VOLTAGE SUPERVISORS 

_SLVS028C - APRIL 1983 - REVISED AUGUST 1995 


electrical characteristics over recommended operating conditions (unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

TL77XXAC, TL77XXAI 

UNIT 

MIN TYP MAX 

VqH High-level output voltage, RESET 

Ioh = -‘J6 mA 

Vcc-1-5 


Vql Low-level output voltage, RESET 

IOL = 16 mA 

0.4 


Vref Reference voltage 

Ta = 25°C 

2.48 2.53 2.58 


y Negative-going input threshold voltage, 

SENSE 

TL7702A 

Ta = 25°C 

2.48 2.53 2.58 

V 

TL7705A 

4.5 4.55 4.6 

TL7709A 


TL7712A 

10.6 10.8 11 

TL7715A 

13.2 13.5 13.8 

Vhys Hysteresis, SENSE (Vij + - V|t_) 

TL7702A 

Ta = 25°C 

10 

mV 

TL7705A 

15 

TL7709A 

20 

TL7712A 

35 

TL7715A 

45 



V| = 2.4 V to Vcc 

20 

^lA 

i| Input current, RESIN 

V| = 0.4 V 

-100 

l| Input current, SENSE 

1 TL7702A 

> 

in 

I 

O 

O 

> 

V 

> 

V 

> 

0.5 2 

pA 

IqH High-level output current, RESET 

O 

ii 

00 

< 

50 

pA 

Iql Low-level output current, RESET 

O 

ti 

o 

-50 

pA 

Ice Supply current 

All inputs and outputs open 

1.8 3 

mA 


t All electrical characteristics are measured with 0.1-inF capacitors connected at REF, CT, and N/qq to GND. 


switching characteristics over recommended operating conditions (unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

TL77XXAC, TL77XXAI 

UNIT 

MIN TYP MAX 

Output pulse duration 

Ct = 0.1 iiF 

0.65 1.2 2.6 

\iS 

Input pulse duration at RESIN 


0.4 

ps 

1w(S) Pulse duration at SENSE input to switch outputs 

V|H = V|j_ +200 mV, 

V|l = V|T--200 mV 

2 

ps 

tpd Propagation delay time from RESIN to RESET 

VcC = 5V 

1 

IXS 

■ 

RESET 

Vcc = 6 V, See Note 3 

0.2 

[IS 

RESET 

3.5 

■ 

RESET 

3.5 

\iS 

RESET 

0.2 


t All switching characteristics are measured with 0.1-pF capacitors connected at REF and VQQto GND. 
NOTE 3: The rise and fall times are measured with a 4.7-kQ load resistor at RESET and RESET. 
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TL7702A, TL7705A, TL7709A, TL7712A, TL7715A 
TL7702AY, TL7705AY, TL7709AY, TL7712AY, TL7715AY 
SUPPLY VOLTAGE SUPERVISORS 

SLVS028C - APRIL 1983 - REVISED AUGUST 1995 _ _ _ _ 


electrical characteristics over recommended operating conditions (uniess otherwise noted) 



PARAMETER 


TEST CONDlTIONSt 

TL7702AM, TL7705AM 

UNIT 



MIN 

TYP 

MAX 

VOH 

High-level output voltage, RESET 


Iqh =-16mA 

VcC-1-5 

V 

VOL 

Low-level output voltage, RESET 


IOL = 16 mA 

0.4 

V 

Vref 

Reference voltage 



2.38 

2.53 

2.63 

V 

V|T- 

Negative-going input threshold voltage, 

TL7702AM 

Vcc = 3.6 V to 10 V 

2.38 

2.53 

2.63 


SENSE 

TL7705AM 

4.25 

4.55 

4.7 


Vhys 

Hysteresis SENSE (V|t+ - V|t-) 

TL7702AM 

Vcc = 3.6 V to 10 V 

10 

mV 

TL7705AM 

15 

l| 

Input current, RESIN 


Vj = 2.4 V to Vcc 

20 

pA 


V| = 0.4V 

-100 

am 

Input current, SENSE 

TL7702AM 

Vref<V|<VcC“1-5V 


0.5 

2 

|iA 

«OH 

High-level output current, RESET 


Vo = 10 V 

50 


'OL 

Low-level output current, RESET 


o 

II 

O 

> 

-50 

pA 

icc 

Supply current 


All inputs and outputs open 


1.8 

3 

mA 


t All electrical characteristics are measured with 0.02-^F capacitors connected at REF, CT, and Vcc to GND. 


switching characteristics over recommended operating conditions (unless otherwise noted) 


PARAMETER 

TEST CONDlTIONSt 

TL7702AM, TL7705AM 

UNIT 

MIN TYP MAX 

tw(S) Pulse duration at SENSE input to switch outputs 

V|H = V|T-+200 mV, 

ViL = V|j_ -200 mV 

2* 

|XS 

tpd Propagation delay time, RESIN to RESET 

< 

o 

o 

II 

on 

< 

1.5 

\IS 

■1 

RESET 

Vcc = 5 V, See Note 3 

0.2* 

\iS 

RESET 

3.5* 

■1 

RESET 


^IS 

RESET 

0.2* 


* On products compliant to MIL-STD-883, Class B, this parameter is not production tested, 
t All switching characteristics are measured with 0.02-|iF capacitors connected at REF and Vqq to GND. 
NOTE 3: The rise and fall times are measured with a 4.7-kQ load resistor at RESET and RESET. 
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TL7702A, TL7705A, TL7709A, TL7712A, TL7715A 
TL7702AY, TL7705AY, TL7709AY, TL7712AY, TL7715AY 
SUPPLY VOLTAGE SUPERVISORS 

SLVS028C - APRIL 1983 - REVISED AUGUST 1995 


electrical characteristics over recommended operating conditions, T/v = 25°C (unless otherwise 
noted) 


PARAMETER 

TEST CONDITIONSt 

TL77XXAY 

UNIT 

MIN TYP MAX 

Vref Reference voltage 


2.53 

V 

y. Negative-going input threshold voltage, 

SENSE 

TL7702A 


2.53 

V 

TL7705A 

4.55 

TL7709A 

7.6 

TL7712A 

10.8 

TL7715A 

13.5 

Vhys Hysteresis, SENSE (V 1 J 4 .-V 1 T-) 

TL7702A 


10 

mV 

TL7705A 

15 

TL7709A 

20 

TL7712A 

35 

TL7715A 

45 

l| Input current, SENSE 

TL7702A 

Vref<V|<Vcc-1-5V 

0.5 

pA 

\qC Supply current 

All Inputs and outputs open 

1.8 

mA 


t All electrical characteristics are measured with 0.1-|iiF capacitors connected at REF, CT, and Vqq to GND. 


switching characteristics over recommended operating conditions, = 25''C (unless otherwise 
noted) 


PARAMETER 

TEST CONDITIONSt 

TL77XXAY 

UNIT 

MIN TYP MAX 

Output pulse duration 

Ct = 0.1 pF 

1.2 

ps 


t All switching characteristics are measured with 0.1-pF capacitors connected at REF and Vqc ^ GND. 
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TL7702A, TL7705A, TL7709A, TL7712A, TL7715A 
TL7702AY, TL7705AY, TL7709AY, TL7712AY, TL7715AY 
SUPPLY VOLTAGE SUPERVISORS 

SLyS 028 C - APRIL 1983 - REVISED AUGUST 1995 


PARAMETER MEASUREMENT INFORMATION 


Voltage 

Drop 



t|- —►! W— 


Figure 1. Voltage Waveforms 
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TL7702A, TL7705A, TL7709A, TL7712A, TL7715A 
TL7702AY, TL7705AY, TL7709AY, TL7712AY, TL7715AY 
SUPPLY VOLTAGE SUPERVISORS 

SLVS028C- APRIL 1983- REVISED AUGUST 1995 


TYPICAL CHARACTERISTICSt 


ASSERTION TIME 


VS 



0 2 4 6 8 10 

R|_ - Load Resistance - kQ, 

Figure 2 


DEASSERTION TIME 


vs 



0 2 4 6 8 10 

Rl - Load Resistance - kQ 

Figure 3 


o 

■•E 


< 

I 


ASSERTION TIME 


vs 



0 25 50 75 100 125 150 175 200 

Cl “ Load Capacitance - pF 


DEASSERTION TIME 
vs 

LOAD CAPACITANCE 



Figure 4 


Figure 5 


t For proper operation both RESET and RESET should be terminated with resistors of similar value. Failure to do so may cause unwanted 
plateauing in either output waveform during switching. 
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TL7702A, TL7705A, TL7709A, TL7712A, TL7715A 
TL7702AY, TL7705AY, TL7709AY, TL7712AY, TL7715AY 
SUPPLY VOLTAGE SUPERVISORS 

SLVS028C - APRIL 1983 - REVISED AUGUST 1995 _ 


APPLICATION INFORMATION 



Figure 6. Multiple Power Supply System Reset Generation 



Terminal numbers shown are for the D, JG, and P packages. 
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TL7702A, TL7705A, TL7709A, TL7712A, TL7715A 
TL7702AY, TL7705AY, TL7709AY, TL7712AY, TL7715AY 
SUPPLY VOLTAGE SUPERVISORS 

SLVS028C - APRIL 1983 - REVISED AUGUST 1995 

APPLICATION INFORMATION 



Figure 8. Eliminating Undefined States Using a P-Channel JFET 


Vcc 



Figure 9. Eliminating Undefined States Using a pnp Transistor 


Terminal numbers shown are for the D, JG, and P packages. 
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TL7702B, TL7705B, TL7702BY, TL7705BY 
SUPPLY VOLTAGE SUPERVISORS 


Power-On Reset Generator 

Automatic Reset Generation After 
Voltage Drop 

RESET Output Defined From Vq 0 > 1 V 

Precision Voitage Sensor 

Temperature-Compensated Voitage 
Reference 

True and Compiement Reset Outputs 
Externaily Adjustable Pulse Duration 


description 


SLVS037D - SEPTEMBER 1989 - REVISED AUGUST 1995 


TL77XXBC ... P OR D PACKAGE 
TL77XXBM ... JG PACKAGE 
(TOP VIEW) 

refHi sh Vcc 

RESIN[ 2 7] SENSE 

CT[ 3 6 ] RESET 

GND[ 4 5]RESET 


TL77XXBM... FK PACKAGE 
(TOP VIEW) 

LL Q 
O HI O qO 

z DC z n^z 


9 10 11 12 13 


O Q O H O 
Z Z Z LU Z 
CD ^ 

UJ 

or 


NC-No internal connection 


The TL7702B and TL7705B are monolithic NC ] 4 18 [ NC 

integrated circuit voltage supervisors designed for RESIN ] 5 17 [ SENSE 

use as reset controllers In microcomputer and NC ] e 16 [ NC 

microprocessor systems. The supply voltage CT ] 7 15[ RESET 

supervisor monitors the supply for undervoltage NC ] 8 14[ NC 

con ditions a t the SENSE input. During power up, 

the RESET output becomes active (low) when o q o h o 

Vqq attains a value approaching 1 V. As Vqc ^ ^ co ^ 

approaches 3 V (assuming that SENSE is above ^ 

V 7 +), the delay timer function activates a time 
delay after which outputs RESET and RESET go 

inactive (high and low respectively). When an undervoltage condition occurs during normal operation, outputs 
RESET and RESET go active. To ensure that a complete reset occurs, the reset outputs remain active for a time 
delay after the voltage at the SENSE input exceeds the positive-going threshold value. The time delay Is 
determined by the value of the external capacitor Cj: td « 1.3 x 10 ^ x Cj, where Cj is In farads (F) and td is In 
seconds (s). 

An external capacitor (typically 0.1 pF) must be connected to REF to reduce the influence of fast transients in 
the supply voltage. 

The TL7702BC and TL7705BC are characterized from 0°C to 70°C. The TL7702BI and TL7705BI are 
characterized for operation from -40°C to 85°C. The TL7702BQ and TL7705BQ are characterized for operation 
from -40°C to 125°C. The TL7702BM and TL7705BM are characterized for operation from -55°C to 125°C. 


AVAILABLE OPTIONS 


0°C to 70°C 
-40°C to 85°C 
-40°C to 12^ 

-55°C to 125°C 


PACKAGE I 

SMALL OUTLINE 
(D) 

CHIP CARRIER 
(FK) 

CERAMIC DIP 
(JG) 

PLASTIC DIP 

(P) 

TL7702BCD, TL7705BCD 

— 

— 

TL7702BCP, TL7705BCP 

TL7702BID, TL7705BID 

— 

— 

TL7702BIP, TL7705BIP 

TL7702BQD, TL7705BQD 

— 

— 

TL7702BQP, TL7705BQP 

- 

TL7702BMFK 

TL7705BMFK 

TL7702BMJG 

TL7705BMJG 

- 


CHIP FORM 
(Y) 


TL7702BY 

TL7705BY 


PRODUCTION DATA information is current as of pubiication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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TL7702B, TL7705B, TL7702BY, TL7705BY 
SUPPLY VOLTAGE SUPERVISORS 


SLVS037D - SEPTEMBER 1989 - REVISED AUGUST 1995 


TL7702BY and TL7705BY Chip information 

These chips, when properly assembled, display characteristics similar to the TL7702BC and the TL7705BC. 
Thermal compression or ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may 
be mounted with conductive epoxy or a gold-silicon preform. 
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TL7702B, TL7705B, TL7702BY, TL7705BY 
SUPPLY VOLTAGE SUPERVISORS 


SLVS037D - SEPTEMBER 1989 - REVISED AUGUST 1995 


functional block diagram 

The functional block diagram is shown for illustrative purposes only; the actual circuit includes a trimming 
network to adjust the reference voltage and sense comparator trip point. 



RESET 


RESET 


REF 


NOTE A: TL7702B: R1 = 0 R2 = open 

TL7705B: R1 = 23 kQ, R2 = 10 kQ. nominal 

typical timing diagram 


Vcc and 
SENSE 

I 
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TL7702B, TL7705B, TL7702BY, TL7705BY 
SUPPLY VOLTAGE SUPERVISORS 


SLVS037D - SEPTEMBER 1989 - REVISED AUGUST 1995 

absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)t 


Supply voltage, Vcc (s ee Note 1) ........ 20 V 

Input voltage range, Vj (RESIN) ....... -0.3 V to 20 V 

Input voltage range, V| (SENSE) .. -0.3 V to 20 V 

High-level output current, Iqh (RESET ) .... -30 mA 

Low-level output current, Iql (RESET) ... 30 mA 

Continuous total power dissipation ... See Dissipation Rating Table 

Operating free-air temperature range, T^: TL770xBC ... 0°C to 70°C 

TL770XBI ..-40°Cto85°C 

TL770XBQ . -40Xto125°C 

TL770XBM . -55°Cto125°C 

Storage temperature range, Tgtg ... -65°C to 150°C 

Case temperature for 60 seconds, Tq: FK package . 260‘'C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds; JG package . 300°C 

Lead temperature 1,6 mm (1/16 Inch) from case for 10 seconds: D or P packages . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to the network ground terminal. 


DISSIPATION RATING TABLE 


PACKAGE 

Ta < 25°C 
POWER RATING 

DERATING FACTOR 
ABOVE Ta = 25°C 

Ta = 70°C 
POWER RATING 

Ta = 85X 
POWER RATING 

Ta = 125°C 
POWER RATING 

D 

725 mW 

5.8 mW/°C 

464 mW 

377 mW 

145 mW 

FK 

1375 mW 

11.0 mW/°C 

880 mW 

715 mW 

275 mW 

JG 

1050 mW 

8.4 mW/°C 

672 mW 

546 mW 

210 mW 

P 

1000 mW 

8.0 mW/“C 

640 mW 

520 mW 

200 mW 


recommended operating conditions 



MIN MAX 

UNIT 

Supply voltage, Vqq 

3.6 18 

V 

High-level input voltage, V|h 

RESIN 

2 18 

V 

Low-level input voltage, VjL 

RESIN 

0 0.8 

V 

Input voltage, V| 

SENSE 

0 18 

V 

High-level output current, Iqh 

RESET 

-16 

mA 

Low-level output current, Iql 

RESET 

16 

mA 

Timing capacitor, Cj \ 

10 

I^F 

Operating free-air temperature range, Ta 

TL770XBC 

0 70 

■ 

TL770XBI 

-40 85 

TL770XBQ 

-40 125 

TL770XBM 

-55 125 
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TL7702B, TL7705B, TL7702BY, TL7705BY 
SUPPLY VOLTAGE SUPERVISORS 

SLVS037D - SEPTEMBER 1989 - REVISED AUGUST 1995 


electrical characteristics over recommended operating conditions (unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

TL77XXBC, TL77XXBI 
TL77XXBQ 

MIN TYP MAX 

UNIT 

Vqh High-level output voltage, RESET 

IOH=-16mA 

Vqq-1.5 

V 

Vql Low-level output voltage, RESET 

•OL= 

0.4 

V 

Vref Reference voltage 

I ref = 500 pA, Ta = 25°C 

2.48 2.53 2.58 

V 

^ Negative-going input threshold 

voltage, SENSE 

TL7702B 

Ta = 25°C 


TL7705B 

4.5 4.55 4.6 

TL7702B 

Ta = Full ranged 

2.48 2.53 2.58 

TL7705B 

4.45 4.55 4.65 

Vhys Hysteresis, SENSE (V|j+ - V(j_) 

TL7702B 

Vcc = 3.5 V to 18 V, 

Ta = 25°C 

10 

mV 

TL7705B 

30 

Vres^ Power-up reset voltage 

Iql at RESET = 2 mA, Ta) = 25°C 

1 

V 

l| Input current, RESIN 

V| = 0.4 V to Vqq 

-10 

pA 

l| Input current, SENSE TL7702B 

V| = Vref to 18 V 

-0.1 -2 

pA 

Iqh High-level output current, RESET 

Vq = 18 V, See Figure 1 

50 

pA 

Iql Low-level output current, RESET 

Vq = 0 V, See Figure 1 

-50 

pA 

Ice Supply current 

VsENSE = 15V, resin >2 V 

1.8 3 

mA 

Vqq = 18 V Ta = Full range* 

3.5 


t All electrical characteristics are measured with 0.1-p.F capacitors connected at REF, CT, and Vqq to GND. 

t Full range for the C-suffix device is 0°C to 70°C, full range for the l-suffix is -40°C to 85°C, and full range for the Q-suffix device is -40°C to 
125°C. 


§ This is the lowest voltage at which RESET becomes active. 


switching characteristics, Vcc = 5 V, CT open, T/^ = 25°C 


PARAMETER 

tPLH 

Propagation delay time from 
low-to-high-level output 

tPHL 

Propagation delay time from 
high-to-low-level output 

tw 

Effective pulse duration 


Fall time 


Rise time 


Fall time 


FROM 

(INPUT) 

TO 

(OUTPUT) 


RESET 

RESIN 



RESIN 

RESET 


TEST CONDITIONS 

TL77XXBC, TL77XXBI 
TL77XXBQ 

UNIT 


MIN TYP MAX 


See Figures 1, 2, and 3 

270 500 

ns 

270 500 

ns 

See Figure 2 

150 

ns 

See Figure 2 

100 

See Figures 1 and 3 

75 

ns 

150 200 

75 150 

ns 


50 
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TL7702B, TL7705B, TL7702BY, TL7705BY 
SUPPLY VOLTAGE SUPERVISORS 


SLVS037D - SEPTEMBER 1989 - REVISED AUGUST 1995 


electrical characteristics over recommended operating conditions (unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

TL7702BM, TL7705BM 

UNIT 

MIN TYP MAX 

Vqh High-level output voltage, RESET 

■oh = “16 

Vqq-1.5 

V 

Vql Low-level output voltage, RESET 

tOL= 16 mA 

0.4 

V 

Vref Reference voltage 

If0f = 500 pA, Ty(^ = 25°C 

2.48 2.53 2.58 

V 

y. Negative-going input threshold 

voltage at SENSE input 

TL7702B 

Ta = 25°C 

2.505 2.53 2.555 

TL7705B 

1 

1 

TL7702B 

Ta = Full ranged 

2.48 2.53 2.58 

TL7705B 

4.45 4.55 4.65 

Vhys Hysteresis, SENSE (V|t+- V|t_) 

TL7702B 

VcC = 3-6Vto18V, 

Ta = 25°C 

10 

mV 

TL7705B 

30 

Vres^ Power-up reset voltage 

Iql at reset = 2 mA, Ta = 25°C 

1 

V 

l| Input current, RESIN 

V| = 0.4 V to Vqq 

-10 

pA 

l| Input current, SENSE TL7702B 

V| = Vref to Vqq-1.5 V 

-0.1 -2 

pA 

Iqh High-level output current, RESET 

Vo = 18V 

50 

pA 

Iql Low-level output current, RESET 

o 

II 

O 

> 

-50 

pA 

ICC Supply current 

VSENSE = 15 V, RESIN > 2 V 

1.8 3 

mA 

Vqq = 18 V Ta = Full ranget 

4 


t All electrical characteristics are measured with 0.1 -|j,F capacitors connected at REF, CT, and Vqq to GND. 
t Full range for the M-suffix device is -55° C to 125°C. 

§ This is the lowest value at which RESET becomes active. 


switching characteristics, Vqc = 5 V, CT open, T/^ = 25°C 


PARAMETER 

FROM 

(INPUT) 

TO 

(OUTPUT) 

TEST CONDITIONS 

TL7702BM, TL7705BM 

MIN TYP MAX 

UNIT 

Propagation delay time from 
low-to-high-level output 

RESIN 

RESET 

See Figures 1, 2, and 3 

270 500* 

ns 

Propagation delay time from 
high-to-low-level output 

RESIN 

RESET 

270 500* 

ns 

tw Effective pulse duration 

RESIN 


See Figure 2 

150 

ns 

SENSE 


See Figure 2 

100 

tr Rise time 


RESET 

See Figures 1 and 3 

75* 

ns 

tf Fall time 

150 200* 

tr Rise time 


RESET 

75 150* 

ns 

tf Fall time 

50* 


*For products compliant to MIL-STD-883, Class B, these parameters are not production tested. 
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TL7702B, TL7705B, TL7702BY, TL7705BY 
SUPPLY VOLTAGE SUPERVISORS 

SLVS037D-SEPTEMBER 1989 - REVISED AUGUST 1995 


electrical characteristics over recommended operating conditions, = 25°C (unless otherwise 
noted) 


PARAMETER 

TEST CONDITIONST 

TL7702Y, TL7705Y 

UNIT 

MIN TYP MAX 

VqH High-level output voltage, RESET 

Iqh =-16 mA 

Vcc-1-5 

V 

Vql Low-level output voltage, RESET 

Iql = 16 itiA 

0.4 

V 

Vref Reference voltage 

I ref = 500 pA 

2.48 2.53 2.58 

V 

y Negative-going input threshold 

voltage, SENSE 

TL7702Y 


2.505 2.53 2.555 

TL7705Y 

4.5 4.55 4.6 

Vhys Hysteresis, SENSE (V|x+ - V|t_) 

TL7702Y 

Vcc = 3.6 V to 18 V 

10 

mV 

TL7705Y 

30 

Vres^ Power-up reset voltage 

Iql at RESET = 2 mA 

1 

V 

l| Input current, RESIN 

V| = 0.4 V to Vcc 

-10 

pA 

l| Input current, SENSE TL7702Y 

V| = Vref to 18 V 

-0.1 -2 

pA 

Iqh High-level output current, RESET 

Vq = 18 V, See Figure 1 

50 

pA 

Iql Low-level output current, RESET 

Vq = 0 V, See Figure 1 

-50 

pA 

•CC Supply current 

VsENSE = 15V, resin >2 V 

1.8 3 

mA 


t All electrical characteristics are m easured with 0.1-^F capacitors connected at REF, CT, and Vqq to GND. 
t This is the lowest voltage at which RESET becomes active. 


switching characteristics, Vcc = 5 V, CT open, Ta = 25°C 


PARAMETER 

tPLH 

Propagation delay time from 
low-to-high-level output 

tPHL 

Propagation delay time from 
high-to-low-level output 

tw 

Effective pulse duration 

tr 

Rise time 


Fall time 


Rise time 


Fall time 


FROM 

(INPUT) 

TO 

(OUTPUT) 


RESET 

RESIN 



RESIN 

RESET 


TEST CONDITIONS 

TL7702Y, TL7705Y 

UNIT 

MIN TYP MAX 

See Figures 1,2, and 3 

270 500 

ns 

270 500 

ns 

See Figured 

150 

ns 

See Figure 2 

100 


See Figures 1 and 3 

75 

ns 

150 200 

75 150 

ns 


50 
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TL7702B, TL7705B, TL7702BY, TL7705BY 
SUPPLY VOLTAGE SUPERVISORS 


SLVS037D - SEPTEMBER 1989 - REVISED AUGUST 1995 

PARAMETER MEASUREMENT INFORMATION 


5 V 



5 V 



NOTES: A. For Iql and Iqh- = '•0 kil. For all switching characteristics, Rl = 511 Q. 

B. This figure includes jig and probe capacitance. 

Figure 1. RESET and RESET Output Configurations 



RESIN 


5 V 
2.5 V 
OV 

WAVEFORMS 



SENSE 


Vt + 2 V 

Vt 

Vt-2 V 


Figure 2. Input Pulse Definition 


SENSE 


RESIN 


RESET 


RESET 


. Voltage. 
I Fault I 
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TL7702B, TL7705B, TL7702BY, TL7705BY 
SUPPLY VOLTAGE SUPERVISORS 

SLVS037D - SEPTEMBER 1989 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTICSt 


ASSERTION TIME 

VS 

LOAD RESISTANCE 



20 


18 

(0 

c 

16 

0) 

E 

F 

14 

c 

o 


’■E 

12 

< 


1 

10 


1 

Vcc = 5 V 

Ct = 0.1 pF 




Cl = 1 
Ta = 2 

OpF 

5°C 






RESE 

Ttr 

















1 







“ RESE 

pf 








2 4 6 8 

Rl - Load Resistance - kQ 

Figure 4 


10 


DEASSERTION TIME 
vs 

LOAD RESISTANCE 



Figure 5 


ASSERTION TIME 
vs 


DEASSERTION TIME 
vs 




25 50 75 100 125 150 175 200 

C|_ >- Load Capacitance - pF 


25 50 75 100 125 150 175 200 

Cl - Load Capacitance ~ pF 


Figure 6 


Figure 7 


t For proper operation, both RESET and RESET should be terminated with resistors of similar value. Failure to do so may cause unwanted 
plateauing In either output waveform during switching. 
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TL7702B, TL7705B, TL7702BY, TL7705BY 
SUPPLY VOLTAGE SUPERVISORS 


SLVS037D - SEPTEMBER 1989 - REVISED AUGUST 1995 

APPLICATION INFORMATION 



System Supply 


To Sys tem 
Reset 


To System 
Reset 


Figure 8. System Reset Controller With Undervoltage Sensing 


When the TL770xB SENSE terminal is used to monitor Vqq, a current-limiting resistor in series with Cj is 
recommended. During normal operation, the timing capacitor is charged by the on-board current source to 
approximately Vqq or an internal voltage clamp («7.1 -V zener), whichever is less. When the circuit is then subjected 
to an undervoltage condition during which Vqq is rapidly slewed down, the voltage on CT exceeds that on Vqq. This 
forward biases a secondary path internally, which falsely activates the outputs. A fault is Indicated when Vqq drops 
below V(Qj), not when Vqense below Vj_. 

Texas Instruments performs a 100% electrical screen to verify that the outputs do not switch with 1 mA forced into 
the CT terminal. Adding the external resistor, Rj, prevents false triggering. Its value is calculated as follows: 



where: 

V(Q 7 ) = Vqq or 7.1 V, whichever is less 
Vj- = 4.55V(nom) 

Rt = value of series resistor required 

for Vqq = 5 V: 

5 ^ < 1 


Therefore, 

Rj > 450 a 

Using a 20% tolerance resistor, Ry should be greater than 560 Q. 

Adding this series resistor changes the duration of the reset pulse by no more than 10%. Ry extends the discharge 
of Cy, but also skews the V(Qy) threshold. These effects tend to cancel one another. The precise percentage change 
can be derived theoretically, but the equation is complicated by this interaction and is dependent upon the duration 
of the supply voltage fault condition. 

Both outputs of the TL770xB should be terminated with similar value resistors, even when only one is being used. 
This prevents unwanted plateauing in either output waveform during switching, which may be interpreted as an 
undefined state or delay system reset. 
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TL7757, TL7757Y 
SUPPLY VOLTAGE SUPERVISOR 
AND PRECISION VOLTAGE DETECTOR 

SLVS041D - SEPTEMBER 1991 - REVISED AUGUST 1995 

available features 

• Power-On Reset Generator • Complementary Reset Output 

• Automatic Reset Generation After Voltage • Precision Threshold Voltage 

Drop 4.55 V ±120 mV 

• Low Standby Current... 20 |iA • High Output Sink Capability ... 20 mA 

• Reset Output Defined When Vqq • Comparator Hysteresis Prevents Erratic 

Exceeds 1 V Resets 


TYPICAL TIMING DIAGRAM 



description 

The TL7757 is a monolithic supply voltage supervisor designed for use in microcomputer and microprocessor 
systems. The supervisor monitors the supply voltage for und ervoltag e conditions. During power up, when the 
supply voltage, Vqq, attains a value approaching 1 V, the RESET output becomes active (low) to prevent 
undefined operation. If at any time, the supply voltage drops below threshold voltage level (VjjJ, the RESET 
output goes to the active (low) level until the supply undervoltage fault condition Is eliminated. 

The C-suffix device is characterized for operation from 0°C to 70°C. The l-suffix device is characterized for 
operation from -40°C to 85°C. The M-suffix device is characterized for operation from -55°C to 125°C. 

AVAILABLE OPTIONS 


Ta 

PACKAGED DEVICES | 

CHIP FORM 
(Y) 

SMALL OUTLINE 
(D) 

TO-226AA 

(LP) 

SOT-89 

(PK) 

0°C to 70°C 

TL7757CD 

TL7757CLP 

TL7757CPK 

TL7757Y 

-40°C to 85°C 

TL7757ID 

TL7757ILP 

TL7757IPK 

-55°C to 125°C 

TL7757MD 

TL7757MLP 

— 



D and LP packages are available taped and reeled. Add R suffix to device type (e.g., TL7757CDR). 
Chips are tested at 25°C. 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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TL7757, TL7757Y 

SUPPLY VOLTAGE SUPERVISOR 

AND PRECISION VOLTAGE DETECTOR 

SLVS041D - SEPTEMBER 1991 - REVISED AUGUST 1995 


RESET 

Vcc 

NC 

GND 


NC-No ii 

TL7757Y i 

This chip, when properly assembled, displays characteristics similar to the TL7757C. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be mounted with 
conductive epoxy or a gold-silicon preform. 


BONDING PAD ASSIGNMENTS 



ALL DIMENSIONS ARE IN MILS 
NO BACKSIDE METALIZATION 


D PACKAGE 
(TOP VIEW) 



iternal connection 


LP PACKAGE 
(TOP VIEW) 



PK PACKAGE 
(TOP VIEW) 


o 


u u n 


Vcc GND reset 
GND is in electrical contact with the tab. 


ship information 
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TL7757, TL7757Y 

SUPPLY VOLTAGE SUPERVISOR 

AND PRECISION VOLTAGE DETECTOR 

SLVS041D - SEPTEMBER 1991 - REVISED AUGUST 1995 


absolute maximum ratings over operating free-air temperature (unless otherwise noted)t 


Supply voltage range, Vcc (see Note 1) . -0.3 V to 20 V 

Offstate output voltage range (see Note 1) .....-0.3 V to 20 V 

Output current, Iq ..... . 30 mA 

Operating free-air temperature range, T^: C-suffix . 0°C to 70°C 

l-suffix .... -40°C to 85°C 

M-suffix... -55°Cto125°C 

Continuous total power dissipation . See Dissipation Rating Tables 

Storage temperature range, Tgtg . -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to network terminal ground. 


DISSIPATION RATING TABLE 1 - FREE-AIR TEMPERATURE 


PACKAGE 

Ta<25X 
POWER RATING 

DERATING 

FACTOR 

DERATE 

ABOVE 

Ta = 70X 

Ta = 85X 

Ta = 125°C 

D 

725 mW 

5.8 mW/°C 

Ta = 25°C 

464 mW 

377 mW 

145 mW 

LP 

775 mW 

6.2 mW/°C 

Ta = 25"C 

496 mW 

403 mW 

155 mW 

PK 

500 mW 

4.0 mW/°C 

Ta = 25°C 

320 mW 

260 mW 

- 


DISSIPATION RATING TABLE 2 - CASE TEMPERATURE 


PACKAGE 

Ta<25"C 
POWER RATING 

DERATING 

FACTOR 

DERATE 

ABOVE 

Ta = 70X 

Ta = 85°C 

PK 

3125 mW 

25 mW/°C 

Tc=110°C 

2000. mW 

1625 mW 


recommended operating conditions 



C-SUFFIX 

l-SUFFIX 

M-SUFFIX 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

Supply voltage, Vqq 

1 7 

1 7 

1 7 

V 

High-level output voltage, Vqh 

15 

15 

15 

v 

Low-level output current, Iql 

20 

20 

20 

mA 

Operating free-air temperature, Ta 

0 70 

-40 85 

-55 125 
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TL7757, TL7757Y 
SUPPLY VOLTAGE SUPERVISOR 
AND PRECISION VOLTAGE DETECTOR 

SLVS041D - SEPTEMBER 1991 - REVISED AUGUST 1995 


electrical characteristics at specified free-air temperature 


PARAMETER 

TEST CONDITIONS 

W 

TL7757C 

UNIT 

MIN TYP MAX 

y Negative-going input threshold 

voltage at Vqc 


25°C 

4.43 4.55 4.67 

V 

Full range 

4.4 4.7 

Vhys^ Hysteresis at Vcc 


25°C 

40 50 60 

mV 

Full range 

30 70 

Vql Low-level output voltage 

IQL = 20 mA, Vcc = 4.3 V 

25"C 

0.4 0.8 

V 

Full range 

0.8 

Iqh High-level output current 

Vcc = 7V, Voh = 15V, 

See Figure 1 

25°C 

1 

fiA 

Full range 

1 

Vres§ Power-up reset voltage 

R|_ = 2.2 kU Vcc slew rate < 5 V/ps 

25°C 

0.8 1 

V 

Full range 

1.2 

Iqq Supply current 

Vcc = 4.3 V 

25°C 

1400 2000 

pA 

Full range 

2000 

Vcc = 5.5 V 

Full range 

40 


t Full range is 0°C to 70°C. 

t This is the difference between posi tive-goin g input threshold voltage, V|j+, and negative-going input threshold voltage, V|t-. 
§ This is the lowest voltage at which RESET becomes active. 


switching characteristics at = 25°C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

w 

TL7757C 

UNIT 

MIN TYP MAX 

tPLH Propagation delay time, low-to-high-level output 

Vcc sisw rate < 5 V/p-S, 
See Figures 2 and 3 

25°C 

3.4 5 

ps 

Full range 

5 

tpHL Propagation delay time, high-to-low-level output 

See Figures 2 and 3 

25°C 

2 5 

ps 

Full range 

5 

tr Rise time 

Vcc sl®w rate < 5 V/ps, 
See Figures 2 and 3 

25°C 

0.4 1 

ps 

Full range 

1 

tf Fall time 

See Figures 2 and 3 

25°C 

0.05 1 

ps 

Full range 

1 

t^(min) Minimum pulse duration at Vcc ^^r output response 


25°C 

5 

ps 

Full range 

5 


t Full range is 0°C to 70°C. 
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TL7757, TL7757Y 

SUPPLY VOLTAGE SUPERVISOR 

AND PRECISION VOLTAGE DETECTOR 

SLVS041D - SEPTEMBER 1991 - REVISED AUGUST 1995 


electrical characteristics at specified free-air temperature 


PARAMETER 

TEST CONDITIONS 

TAt 

TL7757I 

UNIT 

MIN TYP MAX 

y Negative-going input threshold 

voltage at Vcc 


25°C 

4.43 4.55 4.67 

V 

Full range 

4.4 4.7 

Vhys^ Hysteresis at Vcc 


25°C 

40 50 60 

mV 

Full range 

30 70 

Vql Low-level output voltage 

•OL = 20 mA, Vcc = 4 3 V 

25°C 


V 

Full range 

0.8 

•oh High-level output current 

Vcc = 7V, Voh = 15V, 

See Figure 1 

25°C 

1 

pA 

Full range 

1 

Vres^ Power-up reset voltage 

Rl = 2.2 kQ, Vcc slew rate < 5 V/ps 

25°C 

0.8 1 

V 


1.2 

Ice Supply current 

Vcc = 4.3 V 

25°C 

1400 2000 

pA 

Full range 

2100 

Vcc = 5.5 V 

Full range 

40 


t Full range is -40°C to 85°C. 

t This is the difference between posi tive-goin g input threshold voltage, V|t+, and negative-going input threshold voltage, Vij_. 
§ This is the lowest voltage at which RESET becomes active. 


switching characteristics at Ta = 25''C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

Ta^ 

TL7757I 

UNIT 

MIN TYP MAX 

tPLH Propagation delay time, low-to-high-level output 

Vcc slew rate < 5 V/ps, 
See Figures 2 and 3 

25°C 

3.4 5 

ps 

Full range 

5 

tPHL Propagation delay time, high-to-low-level output 

See Figures 2 and 3 

25X 

2 5 

ps 

Full range 

5 

tf Rise time 

Vcc slew rate < 5 V/ps, 
See Figures 2 and 3 

25°C 

0.4 1 

ps 

Full range 

1 

tf Fall time 

See Figures 2 and 3 

25°C 

0.05 1 

ps 

Full range 

1 

tw(min) Minimum pulse duration at Vcc output response 


25°C 

5 

ps 

Full range 

5 


t Full range is -40°C to 85°C. 


/ 
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TL7757, TL7757Y 
SUPPLY VOLTAGE SUPERVISOR 
AND PRECISION VOLTAGE DETECTOR 

SLVS041D-SEPTEMBER 1991 - REVISED AUGUST 1995 


electrical characteristics at specified free-air temperature 


PARAMETER 

TEST CONDITIONS 

Ta^ 

TL7757M 

UNIT 

MIN 

TYP 

MAX 

VlT- 

Negative-going input threshold 


25‘’C 

4.43 

4.55 

4.67 


voltage at Vqq 


Full range 

4.35 


■B 


Vhys^ 

Hysteresis at Vcc 


25°C 

40 

50 

60 



Full range 

30 


70 


VoL 

Low-level output voltage 

IOL = 20mA, Vcc = 4.3 V 

25°C 


0.4 

0.8 

y 

Full range 

0.8 


•oh 

High-level output current 

Vcc = 7V, Voh = 15V, 

25®C 

1 

pA 

See Figure 1 

Full range 

1 

VresS 

Power-up reset voltage 

Rl = 2.2 kQ, Vcc slew rate < 5 V/ps 

25°C 


0.8 

1 

\/ 

Full range 

1.2 

V 



Vcc = 4.3 V 

25°C 


1400 

2000 


•cc 

Supply current 

Full range 

2500 

pA 



Vcc = 5.5 V 

Full range 

40 



t Full range is -55°C to 125°C. 

t This is the difference between posi tive-goin g input threshold voltage, V|j+, and negative-going input threshold voltage, V|t_. 
§ This is the lowest voltage at which RESET becomes active. 


switching characteristics at T/v = 25''C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

Ta^ 

TL7757M 

UNIT 

MIN TYP MAX 

IPLH Propagation delay time, low-to-high-level output 

Vcc slew rate < 5 V/ps, 
See Figures 2 and 3 

25°C 

3.4 5* 

ps 

Full range 

5* 

tpHL Propagation delay time, high-to-low-level output 

See Figures 2 and 3 

25°C 


ps 

Full range 

5* 

tf Rise time 

Vcc slew rate < 5 V/ps, 
See Figures 2 and 3 

25°C 

0.4 1* 

ps 

Full range 

1* 

tf Fall time 

See Figures 2 and 3 

25°C 

0.05 1* 

ps 

Full range 

1 

tw(min) Minimum pulse duration at Vcc fo*" output response 


25°C 

5* 

ps 

Full range 

5* 


*On products compliant to MIL-STD-883, Class B, this parameter is not production tested, 
t Full range is -SS^C to 125°C. 
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TL7757, TL7757Y 

SUPPLY VOLTAGE SUPERVISOR 

AND PRECISION VOLTAGE DETECTOR 

SLVS041D - SEPTEMBER 1991 - REVISED AUGUST 1995 


electrical characteristics at = 25'’C 



PARAMETER 

V|T- 

Negative-going input threshold 
voltage at Vcc 

Vhvs+ 

Hysteresis at Vcc 

Vql 

Low-level output voltage 

Iqh 

High-level output current 

Vres^ 

Power-up reset voltage 

'cc 

Supply current 


TEST CONDITJONS 


TL7757Y 


MIN TYP 



lOL = 20 mA, Vcc = 4.3 V 


Vcc = 7 V, Vqh = 15 V, See Figure 1 


Rl = 2.2 kQ, Vqq slew rate < 5 V/jis 


Vcc = 4.3 V 


Vcc = 5.5 V 


t This is the difference between posi tive-goin g input threshold voltage, V| 7 +, and negative-going input threshold voltage, V|x 
^ This is the lowest voltage at which RESET becomes active. 



switching characteristics at = 25°C 
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TL7757, TL7757Y 
SUPPLY VOLTAGE SUPERVISOR 
AND PRECISION VOLTAGE DETECTOR 

SLVS041D - SEPTEMBER 1991 - REVISED AUGUST 1995 


PARAMETER MEASUREMENT INFORMATION 



Figure 1. Test Circuit for Output 
Leakage Current 


Pulse 

Generator 



NOTE A: Includes jig and probe capacitance. 


Figure 2. Test Circuit for RESET Output 
Switching Characteristics 



NOTE A: Vqq slew rate < 5 ps 

Figure 3. Switching Diagram 
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TL7757, TL7757Y 

SUPPLY VOLTAGE SUPERVISOR 

AND PRECISION VOLTAGE DETECTOR 

SLVS041D - SEPTEMBER 1991 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTICSt 


table of graphs 


r - 1 

FIGURE 

Vcc 

Supply voltage 

vs RESET output voltage 

4 

Icc 

Supply current 

vs Supply voltage 

5 

vs Free-air temperature 

6 

VOL 

Low-level output voltage 

vs Low-level output current 

7 

vs Free-air temperature 

8 

>OL 

Output current 

vs Supply voltage 

9 

V|T- 

Input threshold voltage (negative-going Vcc) 

vs Free-air temperature 

10 

Vres 

Power-up reset voltage 

vs Free-air temperature 

11 

Vres 

Power-up reset voltage and supply voltage 

vs Time 

12 

1 Propagation delay time | 


13 


SUPPLY VOLTAGE 
vs 

RESET OUTPUT VOLTAGE 



RESET Output Voltage - V 


SUPPLY CURRENT 


vs 



0 1 2 3 4 5 6 7 

Vcc “ Supply Voltage - V 


Figure 4 


Figure 5 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TL7757, TL7757Y 
SUPPLY VOLTAGE SUPERVISOR 
AND PRECISION VOLTAGE DETECTOR 
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TYPICAL CHARACTERISTICSt 


SUPPLY CURRENT 

VS 

FREE-AIR TEMPERATURE 



LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 



Figure 6 


Figure 7 


> 

E 


120 


100 


o 80 


O 

% 




60 


40 


20 


LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 


Vcc = 

4.3 V j 

OL = 20 m 

A 

-- 












1 

Iql = 8 m/ 

... 

V 



-1 






Iql = ”1 1 

mA 







-100 -50 0 50 100 

Ta - Free-Air Temperature - °C 

Figure 8 


150 


OUTPUT CURRENT 
vs 



0.75 0.8 0.85 0.9 0.95 1 

Vcc “ Supply Voltage - V 

Figure 9 


1.05 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TL7757, TL7757Y 

SUPPLY VOLTAGE SUPERVISOR 

AND PRECISION VOLTAGE DETECTOR 

SLVS041D - SEPTEMBER 1991 - REVISED AUGUST 1995_ 


TYPICAL CHARACTERISTICSt 



INPUT THRESHOLD VOLTAGE 
(NEGATIVE GOING Vcc) 
vs 

FREE-AIR TEMPERATURE 
4.6 
4.59 
4.58 
4.57 
4.56 
4.55 
4.54 
4.53 
4.52 
4.51 
4.5 

-100 -50 0 50 100 150 

T/v - Free-Air Temperature - °C 


— 

RL = i 

— 

3 



















- 

-_ 







■-- 

-- 






















Figure 10 


POWER-UP RESET VOLTAGE 
AND SUPPLY VOLTAGE 


vs 



0 0.5 1 1.5 2 2.5 3 

t-Time-|is 


Figure 12 


POWER-UP RESET VOLTAGE 


vs 



-100 -50 0 50 100 150 


Ta “ Free-Air Temperature - °C 
Figure 11 


PROPAGATION DELAY TIME 


Ta = 25°C 

RL = 2.2kQ 
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Figure 13 


t 


Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TL7759, TL7759Y 
SUPPLY VOLTAGE SUPERVISORS 


1 SLVS042B - JANUARY 1991 - REVISED AUGUST 1995 

I • Power-On Reset Generator d or p package 

I • Automatic Reset Generation After Voltage 
I Drop 

I • Precision Input Threshold Voltage 
I 4.55 V ±120 mV 

• Low Standby Current... 20 p^A 

• Reset Outputs Defined When Vqq 
E xceeds 1 V 

• True and Complementary Reset Outputs 

• Wide Operating Temperature Range 

0°C to 70°C 

• Wide Supply Voltage Range ... 1 V to 7 V 
description 

The TL7759C is a monolithic supply voltage supervisor designed for use as a reset controller in microcomputer 
and microprocessor systems. The supervisor monitors the supply voltage for undervoltage co nditions . During 
power-up, when the supply voltage, Vqq, attains a value approaching 1 V, the RESET and RESET outputs 
become active (high and low, respectively) to prevent undefined operation. If at any time the supply voltage 
drops below the input threshold voltage level (V| 7 _), the reset outputs go to the reset active state until the supply 
voltage has returned to its nominal value. 

The TL7759C is characterized for operation from 0 °C to 70°C. 


AVAILABLE OPTIONS 


Ta 

V|omax 
AT 25°C 

PACKAGED DEVICES 

CHIP 

FORM 

(V) 

SMALL 

OUTLINE 

(D) 

PLASTIC 

DIP 

(P) 

0°C to 70°C 

2.5 mV 

TL7759CD 

TLC7759CP 

TL7759Y 


The D packages are available taped and reeled. Add R suffix to device type (e.g., 
TL7759CDR). Chips are tested at 25°C. 


NC [ 1 
NC [ 2 
NC [ 3 
GND [ 4 


(TOP VIEW) 

o 


] RESET 
] RESET 
] NC 

]Vcc 


NC - No internal connection 


PRODUCTION DATA information is current as of pubiication date. 
Products conform to specifications per the terms of Texas instruments 
standard warranty. Production processing does not necessariiy inciude 
testing of ali parameters. 
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TL7759, TL7759Y 

SUPPLY VOLTAGE SUPERVISORS 


SLVS042B - JANUARY 1991 - REVISED AUGUST 1995 

functional block diagram 


Vcc 

RESET 

RESET 




TL7759Y chip information 

This chip, when properly assembled, displays characteristics similar to the TL7759C. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum bonding pads. The chip may be mounted with 
conductive epoxy or a gold-silicon preform. 
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TL7759, TL7759Y 
SUPPLY VOLTAGE SUPERVISORS 


SLVS042B - JANUARY 1991 - REVISED AUGUST 1995 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage, Vqq (see Note 1 ) . . 20 V 

Off-state output voltage range: RESET voltage . -0.3 V to 20 V 

RESE T voltage .. -0.3 V to 20 V 

Low-level output current, Iql (RESET) . 30 mA 

High-level output current, Iqh (RESET) . -10 mA 

Continuous total power dissipation . See Dissipation Rating Table 

Operating free-air temperature range, T^ . 0°C to 70°C 

Storage temperature range, Tgtg . -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to the network ground terminal. 


DISSIPATION RATING TABLE 



Ta<25°C 

DERATING FACTOR 

Ta = 70°c 

Ta = 85°C 

rAUlWVlat 

POWER RATING 

ABOVE Ta = 25°C 

POWER RATING 

POWER RATING 

D 

725 mW 

5.8 mW/°C 

464 mW 

377 mW 

P 

lOOOmW 

8.0 mW/X 

640 mW 

520 mW 


recommended operating conditions 



MIN MAX 

UNIT 

Supply voltage, Vqq 

1 7 

V 

Output voltage, Vq (see Note 2) 

Transistor off RESET voltage 

15 

v 

Transistor off RESET voltage 

0 

Low-level output current, Iql 

RESET 

24 

mA 

High-level output current, Iqh 

RESET 

-8 

Operating free-air temperature, Ta | 

0 70 

X 


NOTE 2: RESET output must not be pulled down below GND potential. 
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TL7759, TL7759Y 

SUPPLY VOLTAGE SUPERVISORS 


SLVS042B-JANUARY 1991 - REVISED AUGUST 1995 


electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TL7759C 

UNIT 

MIN TYPt MAX 

Vql Low-level output voltage 

RESET 

Vcc = 4.3 V 

Iql = 24 mA 

0.4 0.8 

V 

VqH High-level output voltage 

RESET 

Iqh = -8 fTiA 

vcc-1 

V| j_ Input threshold voltage (negative-going Vcc) 

Ta = 25 °c 

4.43 4.55 4.67 

V 

Ta = 0°C to 70°C 


Vres^ Power-up reset voltage 

RL = 2.2kQ 

Ta = 25°C 

0.8 1 

V 

Ta = 0°C to 70°C 

1.2 

Vhys § Hysteresis at Vcc 'oput 

Ta = 25°C 

40 50 60 

mV 

Ta = 0°C to 70°C 

30 70 

Iqh High-level output current 

RESET 

VCC = 7V, 

See Figure 1 

Voh = 15V 

1 

fiA 

Iql Low-level output current 

RESET 

VoL=0V 

-1 

Ice Supply current 

No load 

Vcc = 4.3 V 

1400 2000 

pA 

Vcc = 5.5 V 

40 


t Typical values are at Ta = 25°C._ 

t This is the lowest voltage at which RESET becomes active, V^c slew rate > 5 V/ps. 

§ This is the difference between positive-going input threshold voltage, V|j+, and negative-going input threshold voltage, V|j_. 


switching characteristics at T/v = 25°C (unless otherwise noted) 


PARAMETER 

FROM 

TO 

TEST 

TL7759C 

UNIT 

(INPUT) 

(OUTPUT) 

CONDITIONS 

MIN MAX 

tPLH 

Propagation delay time, low-to-high-level output 

Vcc 

RESET 

See Figures 2 and 3t 

5 

ps 

tPHL 

Propagation delay time, high-to-low-level output 

Vcc 

RESET 

See Figures 2 and 4 

. 5 

tr 

Rise time 


RESET 

See Figures 2 and 4t 

1 

ps 


Fall time 


RESET 

See Figures 2 and 4 

1 

ps 

W(min) 

Minimum pulse duration 

Vcc 

RESET 

See Figures 2 and 4 

5 

ps 


t Vqq slew rate > 5 V/ps. 


electrical characteristics, T/v = 25°C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TL7759Y 

UNIT 

MIN TYP MAX 

Vql Low-level output voltage RESET 

Vcc = 4.3 V Iql = 24 mA 

0.4 

V 

V| j.„ Input threshold voltage (negative-going Vcc) 


4.55 

V 

Vres^ Power-up reset voltage 

RL = 2.2kO 

0.8 

V 

Vhys^ Hysteresis at Vcc 


50 

mV 

Ice Supply current 

Vcc = 4.3 V, No load 

1400 

pA 


t This is the lowest voltage at which RESET becomes active, Vcc rate > 5 V/ps. 

t This is the difference between positive-going input threshold voltage, V| j+, and negative-going input threshold voltage, V| j_. 
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TL7759, TL7759Y 
SUPPLY VOLTAGE SUPERVISORS 


SLVS042B-JANUARY 1991 - REVISED AUGUST 1995 

PARAMETER MEASUREMENT INFORMATION 




Figure 1. Test Circuit for Output Leakage Current Figure 2. Switching Diagram 


Pulse 

Generator 



t 


Cl Includes jig and probe capacitance. 



^Cl Includes jig and probe capacitance. 


Figure 3. Test Circuit for RESET Output 
Switching Characteristics 


Figure 4. Test Circuit for RESET Output 
Switching Characteristics 


APPLICATION INFORMATION 



Figure 5. Power Supply System Reset Generation 
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TL7770-5, TL7770-12, TL7770-15 
TL7770-5Y, TL7770-12Y, TL7770-15Y 
DUAL POWER-SUPPLY SUPERVISORS 

SLVS019D - OCTOBER 1987 - REVISED OCTOBER 1995 


• Power-On Reset Generator dw, j, or n package 

• Automatic Reset Generation After Voltage 

Drop J~0~l 

• RESET Defined When Vrc Exceeds 1 V ^ P , 

1CT[ 2 15]2RESIN 

• Wide Suppiy Voitage Range... 3.5 V ^ j- 3 14 ] aCT 

1 RESET [ 4 13]2RESET 

• Precision Overvoltage and Undervoltage 1VSU [5 12 ] 2RESET 

Sensing 1VS0[ e • 11 ] 2VSU 

• 250-mA Peak Output Current for Driving ISCR DRIVE [7 10 ] 2VSO 

SCR Gates GND [ 8 9 ] 2SCR DRIVE 

• 2-mA Active-Low SCR Gate Drive for False - 

Trigger Protection fk package 

• Temperature-Compensated Voltage (top view) 

Reference ^ ^ 

CO ^^co 

• True and Complementary Reset Outputs o S o 8 ^ 

• Externally Adjustable Output Pulse y ljiIji^i^lj— 

3 2 1 20 19 

1RESET ]4 18L 2CT 

description i reset ]5 17 [ 2RESET 

NC ]6 16[ NC 

The TL7770 is a monolithic integrated circuit 1VSU ] 7 15 [ 2RESET 

system supervisor designed for use as a reset 1VSO ] 8 i4[ 2VSU 

controller in microcomputer and microprocessor 9 lo ‘•2 13 

power supply systems. This device contains two —— 

Independent supply-voltage supervisors that > z z > w 

monitor the supplies for overvoltage and under- § § 

voltage conditions at the VSO and VSU terminals g g 

respectively. When Vqq attains the min imum $2 ^ 

voltage of 1 V during power-up, the RESET output 

becomes active (low). As Vqq approaches 3.5 V, NC-No internal connection 

the delay tim er function activates latching RESET 

and RESET active (high and low, re spectiv ely) for a time delay, t^, after system voltages have a chieved normal 
levels. Above Vqc = 3.5 V, taking RESIN low activates the time delay function, RESET and RESET, during 
normal system voltage levels. To ensure that the microcomputer system has reset, the outputs remain active 
until the voltage at VSU exceeds the threshold value V 17 + for a time delay, td, which Is determined by an external 
timing capacitor such that: 

td ^ 20 X 10 ^ X capacitance 
where td Is in seconds and capacitance is in farads. 

The overvoltage-detection circuit is programmable for a wide range of user designs. During an overvoltage 
condition, an internal silicon-controlled rectifier (SCR) is triggered, providing 250-mA peak instantaneous 
current and 25-mA continuous current to the SCR gate drive terminal, which can drive an external high-current 
SCR gate or an overvoltage warning circuit. 

The TL7770C is characterized for operation from 0°C to 70°C. The TL7770M series Is characterized for 
operation from - 55°C to 125°C. The TL7770Q series is characterized for operation from - 40°C to 125°C. 


1 RESIN [ 1 
1CT[ 2 
1 RESET[ 3 
1RESET[ 4 
1VSU[ 5 
1VSO[ 6 
ISCR DRIVE [ 7 
GNDr 8 


16 ] Vqq 
15]2RESIN 
14 ] 2CT 
13 ] 2RESET 
12]2RESET 
11 ] 2VSU 
10 ] 2VSO 
9 ] 2SCR DRIVE 


FK PACKAGE 
(TOP VIEW) 


CO , ICO 
t- lu .. O lu 
o tr o o tr 

T- T- Z > CM 


1 RESET 

T 3 2 ■ 
J4 

1 20 19 r 
18[ 

2CT 

1 RESET 

]5 

17C 

2RESET 

NC 

]6 

16[ 

NC 

1VSU 

]7 

15[ 

2RESET 

1VSO 

]8 . .. 

.. .. .14[ 

2VSU 


9 10 11 12 13 
r-imr-imr-n 
111 Q o m o 

> Z Z > CO 

cc O E > 

Q Q 

DC DC 

O O 

CO CO 

T- CM 

NC-No internal connection 


PRODUCTION DATA Information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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TL7770-5, TL7770-12, TL7770-15 
TL7770-5Y, TL7770-12Y, TL7770-15Y 
DUAL POWER-SUPPLY SUPERVISORS 

SLVS019D - OCTOBER 1987 - REVISED OCTOBER 1995 


AVAILABLE OPTIONS 


Ta 

PACKAGED DEVICES | 

CHIP FORM 
(Y) 

SMALL OUTLINE 
(DW) 

CHIP CARRIER 
(FK) 

CERAMIC DIP 
(J) 

PLASTIC DIP 
(N) 


TL7770-5CDW 

— 

— 

TL7770-5CN 

TL7770-5Y 

0°C to 70°C 

TL7770-12CDW 

— 

— 

TL7770-12CN 

TL7770-12Y 


TL7770-15CDW 

— 

— 

TL7770-15CN 

TL7770-15Y 


TL7770-5QDW 

— 

— 

TL7770-5QN 

— 

-40°C to 125°C 

TL7770-12QDW 

— 

— 

TL7770-12QN 

— 


TL7770-15QDW 

— 

— 

TL7770-15QN 

— 


— 

TL7770-5MFK 

TL7770-5MJ 

— 

— 

-55°Cto125°C 

— 

TL7770-12MFK 

TL7770-12MJ 

— 

— 


— 

TL7770-15MFK 

TL7770-15MJ 

— 

— 


functional block diagram (each channel) 


Vcc 


Vref 


CT 


T 


vsu 


R1 


R2 


RESIN 


RESET 


RESET 


VSO 


DEVICE 

1 VSU 

2 VSU 

Rlt 

R2t 

R1 

R2 

TL7770-5 

24 kQ 

10 kQ 

Short 

Open 

TL7770-12 

70 kQ 

10 kQ 

Short 

Open 

TL7770-15 

90kn 

10 kQ 

Short 

Open 


t The values listed are nominal. 




SCR DRIVE 
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TL7770-5, TL7770-12, TL7770-15 
TL7770-5Y, TL7770-12, TL7770-15Y 
DUAL POWER-SUPPLY SUPERVISORS 

SLVS019D- OCTOBER 1987 - REVISED OCTOBER 1995 


TL7770-XXY chip information 

These chips, when properly assembled, display characteristics similar to the TL7770-xxC. Thermal 
compression or ultrasonic bonding may be used on the doped aluminum bonding pads. The chip may be 
mounted with conductive epoxy or a gold-silicon preform. 
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TL7770-5, TL7770-12, TL7770-15 
TL7770-5Y, TL7770-12Y, TL7770-15Y 
DUAL POWER-SUPPLY SUPERVISORS 

SLVS019D - OCTOBER 1987 - REVISED OCTOBER 1995 


typical timing diagram 


Vgc = 1 V(TYP) 

VOH 

VOL 


Vt 

VSO 

SCR 

DRIVE 




for Vqc Less Than 1 V 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage, Vqc (see Note 1) . ...;...... 20 V 

Input voltage range, V|: 1V SU, 2VS U, 1 VSO, and 2VSO (see Note 1) ..... -0.3 V to 18 V 

Low-level output current (1 RESET and 2RESET), Iql .. ■ .... 20 mA 

High-level output current (1 RESET and 2RESET), Iqh .. .. .. -20 mA 

Continuous total power dissipation ........ ....... See Dissipation Rating Table 

Operating free-air temperature range, T^: TL7770_C .. . 0°C to 70°C 

TL7770_M .....-55°C to 125X 

TL7770-Q .... -40°C to 125°C 

Operating virtual junction temperature range, Tj . .-40°Cto150°C 

Storage temperature range, Tgtg ....... .-65°C to 150°C 

Case temperature for 60 seconds: FK package .. . 260°C 

Lead temperature 1,6 mm (1/16 in) from case for 10 seconds: DW or N package . 260°C 


Lead temperature 1,6 mm (1/16 in) from case for 60 seconds: J package 


300°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to the network ground terminal. 


DISSIPATION RATING TABLE 


PACKAGE 

Ta<25®C 
POWER RATING 

DERATING 

FACTOR 

Ta = 70"C 
POWER RATING 

Ta = 85X 
POWER RATING 

Ta = 125°C 
POWER RATING 

DW 

1025 mW 

8.2m\NrC 

656 mW 

533 mW 

205 mW 

FK 

1375mW 

11.0 mW/°C 

880 mW 

715 mW 

275 mW 

J 

1375mW 

11.0 mW/°C 

880 mW 

715 mW 

275 mW 

N 

1150 mW 

9.2 mW/°C 

736 mW 

598 mW 

230 mW 
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TL7770-5, TL7770-12, TL7770-15 
TL7770-5Y, TL7770-12, TL7770-15Y 
DUAL POWER-SUPPLY SUPERVISORS 

SLVS019D-OCTOBER 1987-REVISED OCTOBER 1995 


recommended operating conditions 



MIN 

MAX 

UNIT 

Supply voltage, Vqc 

3.5 

18 

V 

Input voltage range, V| (see Note 2) 

1VSU,2VSU, 2VSO, 1VSO 

0 

18 

V 

Output voltage (1CT and 2CT), Vq 

5 

V 

High-level input voltage range, V|h, 1 RESIN, 2RESIN 

2 

18 

V 

Low-level input voltage range, V|l, 1 RESIN, 2RESIN 

0 

0.8 

V 

Output sink current (1CT and 2CT), Iq 

50 

pA 

High-level output current (1 RESET and 2RESET), Iqh 

-16 

mA 

Low-level output current (1 RESET and 2RESET, Iql 

16 

mA 

Continuous output current (1SCR DRIVE and 2SCR DRIVE), Iq 

25 

mA 

Timing Capacitor, Ct 

10 

I^F 


TL7770C Series 

0 

70 


Operating free-air temperature, Ta 

TL7770M Series 

-55 

125 

°C 


TL7770Q Series 

-40 

125 



NOTE 2; The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for logic 
voltage levels only. 


Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


5-47 












































TL7770-5, TL7770-12, TL7770-15 
TL7770-5Y, TL7770-12Y, TL7770-15Y 
DUAL POWER-SUPPLY SUPERVISORS 

SLVS019D - OCTOBER 1987 - REVISED OCTOBER 1995_ 


electrical characteristics over recommended ranges of supply voltage, input voltage, output 
current, and free-air temperature (unless otherwise noted) 


supply supervisor section 


PARAMETER 

TEST CONDITIONST 

TL7770-5C, TL7770-12C 
TL7770-15C, TL7770-5Q 
TL7770-12Q, TL7770-15Q 

UNIT 


Vqh High-level output voltage 

RESET 

IOH = “'^5inA 

Vcc-1-5 

V 

SCR DRIVE 

•oh = -20 mA 

Vcc-1-5 

Vql Low-level output voltage 

RESET 

•OL =15 mA 

0.4 

V 

Undervoltage input thresh- 
old at VSU (negative-going) 

TL7770-5 (5-V sense, 1 VSU) 

Ta = 25°C 


V 

TL7770-12 (12-V sense, 1 VSU) 

10.8 10.9 11.02 

TL7770-15 (15-V sense, 1 VSU) 

13.5 13.64 13.77 

TL7770-5, TL7770-12, TL7770-15 
(programmable sense, 2VSU) 

1.485 1.5 1.515 

TL7770-5 (5-V sense, 1 VSU) 

Ta = MIN to MAX 

4.46 4.64 

TL7770-12 (12-V sense, 1VSU) 

CM 

CO 

CD 

<5 

TL7770-15 (15-V sense, 1VSU) 

13.36 13.91 

TL7770-5, TL7770-12, TL7770-15 
(programmable sense, 2VSU) 

1.47 1.53 

., Hysteresis at VSU 

(Vit+-V|t4 

TL7770-5 (5-V sense, 1 VSU) 

Ta = 25°C 

15 

mV 

TL7770-12 (12-V sense, 1 VSU) 

36 

TL7770-15 (15-V sense, 1 VSU) 

45 

TL7770-5, TL7770-12, TL7770-15 
(programmable sense, 2VSU) 

5 

Overvoltage threshold at 

VSO 

TL7770-5, TL7770-12, TL7770-15 
(VSO) 

Ta = 25°C 

2.53 2.58 2.63 

V 

Ta = MIN to MAX 

2.48 2.68 

1 1 Input current 

RESIN 

V| = 5.5 V or 0.4 V 

-10 

pA 

VSO 

V| = 2.4V 

0.5 2 

Iqh High-level output current 

RESET 

> 

00 

II 

O 

> 

50 

pA 

Iql Low-level output current 

RESET 

o 

II 

o 

-50 


Iqh output current 

SCR DRIVE 

Duration = 1 ms 

250 

mA 


t For conditions shown as MIN or MAX, use the appropriate value specified in the recommended operating conditions. 
t Typical values are at Vqq = 5 V, Ta = 25°C. 


total device 






TL7770-5C, TL7770-12C 



PARAMETER 

TEST CONDITIONST 

TL7770-15C, TL7770-5Q 
TL7770-12Q, TL7770-15Q 

UNIT 






MAX 


Vres§ 

Power-up reset voltage 

Vcc = VSU 


0.8 

1 

V 

•cc 

Supply current 

1VSU = 18V, 2VSU = 2V, 

1 RESIN and 2RESIN at Vcc. 

1VSO and 2VSOatO V 

Ta = 25°C 

5 

mA 

Ta = MIN to MAX 

6.5 


t For conditions shown as MIN or MAX, use the appropriate value specified in the recommended operating conditions, 
t Typical values are at Vqc = 5 V, T^ = 25 °C. 

§ This the lowest voltage at which RESET becomes active. 
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TL7770-5, TL7770-12, TL7770-15 
TL7770-5Y, TL7770-12, TL7770-15Y 
DUAL POWER-SUPPLY SUPERVISORS 

_SLVS019D - OCTOBER 1987 - REVISED OCTOBER 1995 


electrical characteristics over recommended ranges of supply voltage, input voltage, output 
current, and free-air temperature (unless otherwise noted) 


supply supervisor section 


PARAMETER 

TEST CONDITIONST 

TL7770-5M, TL7770-12M 
TL7770-15M 

UNIT 

mi TYPi MAX 

Vqh High-level output voltage 

RESET 

IOH = -15mA 

Vcc-1-5 

V 

SCR DRIVE 

Iqh = -20 mA 

VcC-1-5 

Vql Low-level output voltage 

RESET 

IOL= 15 mA 

0.4 

V 

V|j_ Undervoltage input 
threshold at VSU 
(negative-going) 

TL7770-5M (5-V sense, 1VSU) 

Ta = 25°C 

4.5 4.55 4.632 

V 

TL7770-12M (12-V sense, 1VSU) 

10.8 10.9 11.07 

TL7770-15M (15-V sense, 1VSU) 

13.5 13.64 13.866 

TL7770-5M, TL7770-12M, TL7770-15M 
(programmable sense, 2VSU) 

1.485 1.5 1.527 

TL7770-5M (5-V sense, 1VSU) 

Ta = MIN to MAX 

4.4 4.646 

TL7770-12M (12-V sense, 1VSU) 

10.62 11.12 

TL7770-15M (15-V sense, 1VSU) 

13.36 13.916 

TL7770-5M, TL7770-12M, TL7770-15M 
(programmable sense, 2 VSU) 

1.47 1.542 

Vhys Hysteresis at VSU 
(V|T+ - V|T-) 

TL7770-5M (5-V sense, 1VSU) 

Ta = 25°C 

15 

mV 

TL7770-12M (12-V sense, 1VSU) 

36 

TL7770-15M (15-V sense, 1VSU) 

45 

TL7770-5M, TL7770-12M, TL7770-15M 
(programmable sense, 2VSU) 

5 

Vj Overvoltage threshold 
atVSO 

TL7770-5M, TL7770-12M, TL7770-15M 
(VSO) 

Ta = 25°C 


V 

Ta = MIN to MAX 


1 1 Input current 

RESIN 

V| = 5.5 V or 0.4 V 

-10 

|iA 

VSO 

V| = 2.4 V 

0.5 2 

Iqh High-level output current 

RESET 

Vo = vcc 

50 

pA 

Iql Low-level output current 

RESET 

Vo = 1 

-50 

pA 

Iqh Peak output current 

SCR DRIVE 

Duration = 1 ms 

250 

mA 


t For conditions shown as MIN or MAX, use the appropriate value specified in the recommended operating conditions. 
t Typical values are at Vqq = 5 V, Ta = 25°C. 


total device 


PARAMETER 

TEST CONDITIONST 

TL7770-5M, TL7770-12M 
TL7770-15M 

UNIT 


Vres^ Power-up reset voltage 

Vcc 

Vql = 0.4 V, Iql = 1 mA 

0.8 1 

V 

Ice Supply current 

1VSU18V, 2VSU = 2V, 

Ta = 25°C 

5 

mA 

1VSO and 2VSOatOV 

Ta = MIN to MAX 

6.5 


t For conditions shown as MIN or MAX, use the appropriate value specified in the recommended operating conditions. 
t Typical values are at Vcq = 5 V, Ta = 25°C. 
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TL7770-5, TL7770-12, TL7770-15 
TL7770-5Y, TL7770-12Y, TL7770-15Y 
DUAL POWER-SUPPLY SUPERVISORS 

SLVS019D - OCTOBER 1987 - REVISED OCTOBER 1995 


electrical characteristics over recommended ranges of suppiy voltage, input voltage, and output 
current (unless otherwise noted) 


supply supervisor section 


PARAMETER 

TEST CONDITIONS 

TL7770-5Y, TL7770-12Y 
TL7770-15Y 

UNIT 

B2Q2BIQ2iijHEZQ 

Undervoltage input 

V|T- threshold at VSU 
(negative-going) 

TL7770-5 (5-V sense, 1 VSU) 

Ta = 25°C 

4.5 4.55 4.6 

V 

TL7770-12 (12-V sense, 1 VSU) 

10.8 10.9 11.02 

TL7770-15 (15-V sense, 1 VSU) 

13.5 13.64 13.77 

TL7770-5, TL7770-12, TL7770-15 
(programmable sense, 2VSU) 

1.485 1.5 1.515 

Hysteresis at VSU 
''hys (V,T^-V|T-) 

TL7770-5 (5-V sense, 1 VSU) 

Ta = 25°c 

15 

mV 

TL7770-12 (12-V sense, 1 VSU) 

36 

TL7770-15 (15-V sense, 1VSU) 

45 

TL7770-5, TL7770-12, TL7770-15 
(programmable sense, 2VSU) 

5 

Overvoltage threshold at 

VSO 

TL7770-5, TL7770-12, TL7770-15 
(VSO) 

Ta = 25°c 

2.53 2.58 2.63 

V 

1 1 Input current 

VSO 

V| = 2.4V 

0.5 

pA 


t Typical values are at Vcc = 5 V, Ta = 25°C. 


total device 


PARAMETER 

TEST CONDITIONS 

TL7770-5Y, TL7770-12Y 
TL7770-15Y 

UNIT 


EffiBit-iVliiailrllftiiliMia 

Vcc 

Vql = 0-4 V, Iql = 1 mA 

0.8 

V 

Ice Supply current 

1VSU = 18V, 2VSU = 2V, 

1 RESIN and 2RESIN at Vcc. 

1 VSO and 2VSO at 0 V 

Ta = 25°C 

5 

mA 


t Typical values are at Vqq = 5 V, Ta = 25 °C. 
t This the lowest voltage at which RESET becomes active. 


switching characteristics, Vqc = 5 V, CT open, = 25°C 


PARAMETER 

FROM 

(INPUT) 

TO 

(OUTPUT) 

TEST 

CONDITIONS 

MIN TYP 

MAX 

UNIT 

tPLH 

Propagation delay time, low-to-high-level output 

RESIN 

RESET 


270 

500* 

ns 

tPHL 

Propagation delay time, high-to-low-level output 

RESIN 

RESET 


270 

500* 

ns 

tr 

Rise time 


RESET 

See Figure 1 

75* 

ns 


Fall time 


150 

tr 

Rise time 


RESET 


75 

ns 

tf 

Fall time 



50* 

tw(min) 

Minimum effective pulse duration 

RESIN 


See Figure 2(a) 

150 


VSU 


See Figure 2(b) 

100 



*On products compliant to MIL-STD-883, Class B, this parameter is not production tested. 
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TL7770-5, TL7770-12, TL7770-15 
TL7770-5Y, TL7770-12, TL7770-15Y 
DUAL POWER-SUPPLY SUPERVISORS 

SLVS019D - OCTOBER 1987 - REVISED OCTOBER 1995 


PARAMETER MEASUREMENT INFORMATION 


5V 



RESET OUTPUT CONFIGURATION 



NOTE A; This includes jig and probe capacitance. 

Figure 1. RESET and RESET Output Configurations 




V|T + 2 V 

V|T 

-V,t~2V 


(b) VSU 


WAVEFORMS 


Figure 2. Input Pulse Definition 
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TL7770-5, TL7770-12, TL7770-15 
TL7770-5Y, TL7770-12Y, TL7770-15Y 
DUAL POWER-SUPPLY SUPERVISORS 

SLVS019D - OCTOBER 1987 - REVISED OCTOBER 1995 


APPLICATION INFORMATION 



System Supply 


To Sys tem 
Reset 


To System 
Reset 


NOTES: A. Terminal numbers shown are for the DW, J, and N packages. 

B. When Vcc 1VSU are connected to the same point, it is recommended that series resistance (Rj) be added between the time 

delay programming capacitor (Cj) and the voltage supervisor device terminal (1CT). 

The suggested Rj values Is given by: 

V| - v,T_ 

R^- > — -, where V. = (the lesser of 7.1 V or Vo) 

I 1 X 10-3 I S' 


When this series resistor is used, the td calculation Is as follows: 
1.3 - [((6.5E-5) X 10-5) x R^] 

- 6.5 X 10-5 


- X C-r 


Figure 3. System Reset Controller With Undervoltage Sensing 
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TLC7705, TLC7705Y 
MICROPOWER SUPPLY VOLTAGE SUPERVISORS 

SLVS087B - DECEMBER 1994 - REVISED AUGUST 1995 


• Power-On Reset Generator 

• Automatic Reset Generation After 
Voltage Drop 

• Precision Voltage Sensor of 1.5% Maximum 
Accuracy, Compensated Over Full 
Temperature Range 

• Programmable Delay Time By External 
Capacitor 

• Minimum Supply Voltage of 2 V 

• Defined RESET Output from Vqd V 

• Power-Down Control Support for Static 
RAM With Battery Backup 

• Maximum Supply Current of 25 [lA 

• Power Saving Totem-Pole Outputs 

description 

The TLC7705 is a micropower supply voltage supervisor designed for reset control, primarily in microcomputer 
and microprocessor systems. 

During power-on, RESET is asserted when Vdq reaches 1 V. After minimum Vdd is established, the circuit 
monitors SENSE voltage and keeps the reset outputs active as long as SENSE voltage (Vi(sense)) remains 
below the threshold voltage. An internal timer delays return of the output to the inactive state to ensure proper 
system reset. The delay time, td, is determined by an external capacitor: 

td = 21 X Cj 
where 

Cj is in pf 
td Is in ms 

The TLC7705 has a fixed SENSE threshold voltage set by an internal voltage divider. When SENSE voltage 
drops below the threshold voltage, the outputs become active and stay in that state until SENSE voltage returns 
to above threshold voltage. 

The TLC7705 is a low-power enhancement of the TL7705A. When CONTROL is tied to GND, RESET will act 
as active high. The voltage monitor contains additional l ogic Intended for control of static memories with battery 
backup during power failure. By driving the chip select (CS) of the memory c ircuit w ith the RESET output of the 
TLC7705 and with the CONTROL driven by the memory bank select signal (CSH1) of the microprocessor (see 
Figure 4), the memory circuit Is automatically disabled during a power loss. (In this application the TLC7705 
power has to be supplied by the battery.) 

The TLC7705 is characterized for operation over a temperature range of -40°C to 85°C. 


AVAILABLE OPTIONS 


Ta 

THRESHOLD 

VOLTAGE 

I PACKAGED DEVICES 

CHIP FORM 

(Y) 

SMALL OUTLINE 
(D) 

PLASTIC DIP 
(P) 

-40°C to 85°C 

4.55 V 

TLC7705ID 

TLC77051P 

TLC7705Y 


The D package is available taped and reeled. Add the suffix R to the device type (e.g., TLC7705IDR). 
The chip form is tested at 25°C. 


CONTROL[ 1 
RESIN [ 2 
CT[ 3 
GND[ 4 


D OR P PACKAGE 
(TOP VIEW) 

O 


] Vdd 

]SENSE 
]RESET 
]RESET 



PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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TLC7705, TLC7705Y 

MICROPOWER SUPPLY VOLTAGE SUPERVISORS 

SLVS087B-DECEMBER 1994 - REVISED AUGUST 1995 


FUNCTION TA^LE lOOiC SVmbOfl^ 



♦ This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEC Publication 617*12. 


functional block diagram 



CT 


§ Outputs are totem-pole configuration. External pullup or pulldown resistors are not required. 
H Nominal value 


timing diagram 
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TLC7705, TLC7705Y 
MICROPOWER SUPPLY VOLTAGE SUPERVISORS 

SLVS087B - DECEMBER 1994 - REVISED AUGUST 1995 


TLC7705Y chip information 

This chip, when properly assembled, displays characteristics similar to the TLC7705. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be mounted with 
conductive epoxy or a gold-silicon preform. 
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TLC7705, TLC7705Y 

MICROPOWER SUPPLY VOLTAGE SUPERVISORS 


SLVS087B - DECEMBER 1994 - REVISED AUGUST 1995 

absolute maximum ratings over operating free-air temperature (uniess otherwise noted)t 


Supply voltage, Vdd (see Note 1) ..7 V 

Input voltage range (see Note 1) . -0.3 V to 7 V 

Maximum low output current, Iql . .. 10 mA 

Maximum high output current, Iqh • • ... -10 mA 

Input clamp current, l|K (V| < 0 or V| > Vdq) ... ±10 mA 

Output clamp current, Iqk (Vq < 0 or Vq > V^d) . ±10 mA 

Continuous total dissipation . . See Dissipation Rating Table 

Operating free-air temperature range, .. .-40°C to 85°C 

Storage temperature range, Tgtg . . -65°C to 150°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to GND. 


DISSIPATION RATING TABLE 


PACKAGE 

Ta < 25°C 

DERATING FACTOR 

Ta = 85°C 

POWER RATING 

ABOVE Ta = 25°C 

POWER RATING 

D 

725 mW 

5.8 mW/°C 

377 mW 

P 

1000 mW 

8.0 m\NrC 

520 mW 


recommended operating conditions at specified temperature range 



MIN MAX 

UNIT 

Supply voltage, Vqd 

2 6 

V 

Timing capacitor, Ct (see Note 2) 

100 


Input voltage, V| 

0 6 

V 


Vdd = 2V 

1.7 

V 

High-level input voltage at RESIN and CONTROL^, V|h 

Vdd = 2.7 V 

1.8 

Vdd = 4.5 V 

2 


Vdd = 2V 

0.3 

V 

Low-level input voltage at RESIN and CONTROL^, V|l 

Vdd = 2.7 V 

0.4 

Vdd = 4.5 V 

0.8 

High-level output current, Iqh 

Vdd = 2.7 V 

-2.5 

mA 

Vdd = 4.5 V 

-3 

Low-level output current, Iql 

Vdd = 2.7 V 

2.5 

mA 

Vdd = 4.5 V 

3 

High-level input pulse duration at SENSE 


20 

ps 

Low-level input pulse duration at SENSE 


2 

High-level input pulse duration at RESIN 


20 

Low-level input pulse duration at RESIN 


2 

Input transition rise and fall rate at RESIN and CONTROL, At/AV 


100 

ns/V 

Operating free-air temperature range, Ta 


-40 85 

"C 


t To ensure a low supply current, V||_ should be kept <0.3 V and V|h > Vdq -0.3 V. 
NOTE 2; Limited by the leakage current of the capacitor 
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TLC7705, TLC7705Y 
MICROPOWER SUPPLY VOLTAGE SUPERVISORS 


SLVS087B - DECEMBER 1994 - REVISED AUGUST 1995 


electrical characteristics over recommended operating conditions (see Note 3) (unless otherwise 
noted) 


PARAMETER 

TEST CONDITIONS 

TLC7705I 

UNIT 

MIN TYPt MAX 

VqH High-level output voltage 

IOH=-20tiA 

Vdd = 2V 

1.8 

V 

Vdd = 2.7V 

2.5 

VdD = 4.5 V 

4.3 

Iqh = -3niA 

Vdd = 4.5V 

3.7 

Vql Low-level output voltage 

Iql = 20 pA 

> 

CM 

II 

a 

Q 

> 

0.1 

V 

Vdd = 2.7V 

0.1 

VpD = 4.5 V 

0.1 

Iql = 3 mA 

Vdd = 4.5 V 

0.4 

Negative-going input threshold voltage, SENSE 
(see Note 4) 

Vdd = 2 V to 6 V 

4.48 4.55 4.62 

V 

Vhys Hysteresis, SENSE 

Vdd = 2 V to 6 V 

40 

mV 

Vres Power-up reset voltaget 

Iql = 20 pA 

1 

V 

l| Input current 

RESIN 

V| = 0 V to Vdd 

-1 1 

pA 

CONTROL 

V| = Vdd 

5 10 

SENSE 

V| = 5V 

4 8 

IdD Supply current 

Ta = -40°C to 85*^0 

RESIN = Vdd. 

SENSE = Vdd > V|T+§. 

CONTROL = 0 V, Outputs open 

9 25 

pA 

Ta = 0°C to 70°C 

9 20 

•DD(d) Supply current during t^ 

Vdd = 5V, Vct = 0V, 

RESIN = Vdd. sense = Vdd. 

CONTROL = 0 V, Outputs open 

120 150 

pA 

C| Input capacitance, SENSE 

V| = 0 V to Vdd 

50 

PF 


t Typical values apply at T/^ = 25°C. _ 

tThe lowest supply voltage at which RESET becomes active. The symbol Vres is not currently listed within EIA or JEDEC standards for 
semiconductor symbology. 

§V|T+ = V|T- + Vhys 

NOTES: 3. All characteristics are measured with Cj = 0.1 pF. 

4. To ensure best stability of the threshold voltage, a bypass capacitor (ceramic, 0.1 pF) should be placed near the supply terminals. 
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TLG7705, TLC7705Y 

MICROPOWER SUPPLY VOLTAGE SUPERVISORS 


SLVS087B - DECEMBER 1994 - REVISED AUGUST 1995 


electrical characteristics over recommended operating conditions, Ta = 25°C, Cj = 0.1 fxF(unless 
otherwise noted) 



PARAMETER 



TLC7705Y 

UNIT 





MIN TYP MAX 

V|T- 

Negative-going input threshold voltage, SENSE 
(see Note 4) 

VDD = 2Vto6V 

4.55 

V 

Vhys 

Hysteresis, SENSE 


Vqd = 2 V to 6 V 

40 

mV 

l| 

Input current 

CONTROL 

V| = Vdd 

5 

pA 

SENSE 

> 

u> 

II 

> 

4 

Idd 

Supply current 


RESIN = Vdd. 
SENSE = Vdd > 
CONTROL = 0 V, 

VlT+t. 

Outputs open 

9 

pA 

iDD(d) 

Supply current during td 


Vdd = 5 V, 

RESIN = Vdd. 
CONTROL = 0 V, 

VcT = 0V, 
SENSE = Vdd. 
Outputs open 

120 

pA 

C| 

Input capacitance, SENSE 


V| = 0VtoVDD 

50 

pF 


tV|T+ = ViT- + Vhys 

NOTE 4 To ensure best stability of the threshold voltage, a bypass capacitor (ceramic, 0.1 pF) should be placed near the supply terminals. 


switching characteristics at Vqq = 5 V, R|, = 500 O, C|_ = 50 pF, = 25°C 


PARAMETER 

MEASURED 

TEST CONDITIONS 

TLC7705I, TLC7705Y 

UNIT 

FROM 

(INPUT) 

TO 

(OUTPUT) 

MIN TYP MAX 

td Delay time 

V|(SENSE) ^ V|T+ 

RESET 

and 

RESET 

RESIN = 2.7 V, 

CONTROL = 0.4 V, 

Ct= 100 nF, 

See timing diagram 


ms 

Propagation delay time, 
FLH low-to-high-level output 

SENSE 


V|H = Vij+max + 0.2 V, 

V|L = V|T_min - 0.2 V, 

20 

ps 

Propagation delay time, 
high-to-low-level output 

RESET 

2 

Propagation delay time, 
PLH low-to-high-level output 

RESET 

RESIN = 2.7 V, 

CONTROL = 0.4 V, CT = NCt 

2 

Propagation delay time, 
high-to-low-ievel output 

20 

Propagation delay time, 
FLH low-to-high-level output 

RESIN 


V|h = 2.7V, V|l = 0.4V, 

SENSE = V|T+max + 0.2 V, 
CONTROL = 0.4 V, CT = NCt 

20 

ps 

Propagation delay time, 
high-to-low-level output 

RESET 

35 

ns 

Propagation delay time, 
FLH low-to-high-level output 

RESET 

45 

Propagation delay time, 
PFiL high-to-low-level output 

20 

ps 

Propagation delay time, 
PLH low-to-high-level output 

CONTROL 

RESET 

V|h = 2.7V, V|l = 0.4V, 

SENSE = V|T+max + 0.2 V, 

RESIN = 2.7 V, CT=NCt 

30 

ns 

Propagation delay time, 
*^FIL high-to-low-level output 

35 

tr Rise time 


RESET 

and 

RESET 

10% to 90% 

8 

nsA/ 

tf Fall time 

90% to 10% 

4 


t NC equals no capacitor and includes up to 100-pF probe and jig capacitance. 
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TLC7705, TLC7705Y 
MICROPOWER SUPPLY VOLTAGE SUPERVISORS 


SLVS087B - DECEMBER 1994 - REVISED AUGUST 1995 

PARAMETER MEASUREMENT INFORMATION 

5V 



NOTES: A. For switching characteristics, Rl = 500 Q. 

B. Cl = 50 pF includes jig and probe capacitance. 

Figure 1. RESET AND RESET Output Configurations 


W — tw(L) — W 

I I 




2.7 V 
1.5 V 
0.4 V 


tw(L) 



(a) RESIN 


(b) SENSE 


WAVEFORMS 


Figure 2. Input Pulse Definition 


Vij+max + 200 mV 
V|T+ 

V|j_mln “ 200 mV 
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TLC7705, TLC7705Y 

MICROPOWER SUPPLY VOLTAGE SUPERVISORS 


SLVS087B - DECEMBER 1994 - REVISED AUGUST 1995 


APPLICATION INFORMATION 



Figure 3. Reset Controller In a Microcomputer System 



Figure 4. Data Retention During Power Down Using Static CMOS RAMs 


Tfxas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


5-60 






General Information 

1 

Voltage References 


Voltage Regulators 


PWM Controllers, DC-to-DC Converters 

Supply Voltage Supervisors 

5 

Power Distribution Switches 

6 

Pptoisolators B 

Building Blocks and Special Functions 

8 

Appiications 

9 

Mechanical Data 

10 


6-1 

































Power Distribution Switches 


Contents 


Page 

TPS1100 Single P-Channel Enhancement-Mode MOSFETS . 6-3 

TPS1101 Single P-Channel Enhancement-Mode MOSFETS .6-13 

TPS1110 Single P-Channel Logic-Level MOSFETS .6-23 

TPS1120 Dual P-Channel Enhancement-Mode MOSFETS .6-35 

TPS20XX Power-Distribution Switches .6-47 

TPS2201 Dual-Slot PC Card Power-Interface Switches For Parallel 

PCMCIA Controllers ..6-65 

TPS2202 Dual-Slot PC Card Power-Interface Switches For Serial 


6 


For Serial PCMCIA Controller . . 6-107 

TPS2205 Dual-Slot PC Card Power-Interface Switch With 

Suspend Mode For Parallel PCMCIA Controller . 6-127 


6-2 












TPS1100,TPS1100Y 
SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFETS 




Low rDS(on) - 0.18Typ at Vqs = “10 V 

3 V Compatible 

Requires No External V^c 

TTL and CMOS Compatible Inputs 

VGS(th) = “1-5VMax 

Available in Ultrathin TSSOP Package (PW) 
ESD Protection Up to 2 kV Per 
MIL-STD-883C, Method 3015 


description 

The TPS1100 is a single P-channel 
enhancement-mode MOSFET. The device has 
been optimized for 3-V or 5-V power distribution in 
battery-powered systems by means of Texas 
Instruments LinBiCMOS™ process. With a 
maximum VGS(th) of -1.5 V and an Iqss of only 
0.5 pA, the TPS1100 is the ideal high-side switch 
for low-voltage, portable battery-management 
systems where maximizing battery life is a primary 
concern. The low rDS(on) ^*^^1 excellent ac 
characteristics (rise time 10 ns typical) make the 
TPS1100 the logical choice for low-voltage 
switching applications such as power switches for 
pulse-width-modulated (PWM) controllers or 
motor/bridge drivers. 

The ultrathin thin shrink small-outline package or 
TSSOP (PW) version with its smaller footprint and 
reduction In height fits in places where other 
P-channel MOSFETs cannot. The size advantage 
Is especially important where board real estate is 
at a premium and height restrictions do not allow 
for an small-outline integrated circuit (SOIC) 
package. 


SLVS078C - DECEMBER 1993 - REVISED AUGUST 1995 


D OR PW PACKAGE 
(TOP VIEW) 


SOURCE [ 1 
SOURCE [ 2 
SOURCE [ 3 
GATE [ 4 


8 ] DRAIN 
7 ] DRAIN 
6 ] DRAIN 
5 ] DRAIN 


D PACKAGE 


PW PACKAGE 



schematic 


SOURCE 



NOTE A. For all applications, all source pins should be connected 
and all drain pins should be connected. 


AVAILABLE OPTIONS 


Ta 

PACKAGED DEVICES 

CHIP FORM 
(Y) 

SMALL OUTLINE 
(D) 

PLASTIC DIP 

(P) 

-40°C to 85°C 

TPS1100D 

TPS11 OOPWLE 

TPS1100Y 


The D package is available taped and reeled. Add an R suffix to device type (e.g., 
TPS1100DR). The PW package is available only left-end taped and reeled 
(indicated by the LE suffix on the device type; e.g., TPS11OOPWLE). The chip form 
is tested at 25°C. 




Caution. This device contains circuits to protect its inputs and outputs against damage due to high static voltages or electrostatic 
fields. These circuits have been qualified to protect this device against electrostatic discharges (ESD) of up to 2 kV according to 
MIL-STD-883C, Method 3015; however, it is advised that precautions be taken to avoid application of any voltage higher than 
maximum-rated voltages to these high-impedance circuits. 


LinBiCMOS is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessariiy inciude 
testing of aii parameters. 
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TPS1100, TPS1100Y 

SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFETS 

SLVS078C - DECEMBER 1993 - REVISED AUGUST 1995 


description (continued) 

Such applications include notebook computers, personal digital assistants (PDAs), cellular telephones, and 
PCMCIA cards. For existing designs, the D-packaged version has a pinout common with other p-channel 
MOSFETs in SOIC packages. 


TPS1100Y chip information 

This chip, when properly assembled, displays characteristics similar to the TPS1100. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be mounted with 
conductive epoxy or a gold-silicon preform. 
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TPS1100, TPS1100Y 
SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFETS 


SLVS078C - DECEMBER 1993 - REVISED AUGUST 1995 


absolute maximum ratings over operating free-air temperature (uniess otherwise noted)t 


I_I 

UNIT 

Drain-to-source voltage, Vps 

-15 

V 

Gate-to-source voltage, Vqs 

2 or-15 

V 



D package 

Ta = 25°C 

±0.41 



Vgs = -2.7V 

Ta = 125°C 

±0.28 



PW package 

Ta = 25°C 

±0.4 




Ta = 125°C 

±0.23 




D package 

Ta = 25°C 

±0.6 



< 

CD 

0) 

II 

1 

CO 

< 

Ta = 125°C 

±0.33 



PW package 

Ta = 25°C 

±0.53 


Continuous drain current (Tj = 150°C), 


Ta = 125°C 

±0.27 



D package 

Ta = 25°c 

±1 



VgS = -4.5V 

Ta=125°C 

±0.47 



PW package 

Ta = 25°c 

±0.81 




Ta=125°C 

±0.37 




D package 

Ta = 25°c 

±1.6 



Vgs = -iov 

Ta = 125°C 

±0.72 



PW package 

Ta = 25°c 

±1.27 




Ta=125°C 

±0.58 


Pulsed drain current, Iq^ 

Ta = 25°c 

±7 

A 

Continuous source current (diode conduction). Is 

Ta = 25°c 

-1 

A 

Storage temperature range, Tstg 

-55 to 150 

°C 

Operating junction temperature range, Tj 

-40 to 150 

°C 

Operating free-air temperature range, Ta 

-40 to 125 

mm 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

260 



t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
t Maximum values are calculated using a derating factor based on RejA = 158°C/W for the D package and Rqja = 248°C/W for the PW package. 
These devices are mounted on an FR4 board with no special thermal considerations. 


DISSIPATION RATING TABLE 


PACKAGE 

Ta < 25°C 

DERATING FACTOR^ 

Ta = 70°c 

Ta = 85°C 

Ta = ^25°C 

POWER RATING 

ABOVE Ta = 25°C 

POWER RATING 

POWER RATING 

POWER RATING 

D 

791 mW 

6.33 mW/°C 

506 mW 

411 mW 

158 mW 

PW 

504 mW 

4.03 mW/°C 

323 mW 

262 mW 

101 mW 


t Maximum values are calculated using a derating factor based on Rqja = 158°C/W for the D package and Rgja = 248°C/W 
for the PW package. These devices are mounted on an FR4 board with no special thermal considerations when tested. 
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TPS1100, TPS1100Y 

SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFETS 


SLVS078C - DECEMBER 1993 - REVISED AUGUST 1995 


electrical characteristics at Tj = 25°C (unless otherwise noted) 
static 


PARAMETER TEST CONDITIONS 


PARAMETER 

VGS(th) 

Gate-to-source 
threshold voltage 


Source-to-drain 

VSD 

voltage (diode- 
forward voltage)t 


Reverse gate current, 

•gss 

drain short circuited 
to source 

bss 

Zero-gate-voltage 
drain current 

''DS(on) 

Static drain-to-source 
on-state resistancet 

9fs 

Forward 

transconductancet 


MIN TYP MAX MIN TYP MAX 


VdS = VqS. Id = -250 ^lA 


IS = -1A, Vgs-OV 



Vos =-12 V, Vgs = 0V 


Vgs = -10V Id = -1.5A 


t Pulse test: pulse duration < 300 ps, duty cycle < 2% 

dynamic 
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TPS1100, TPS1100Y 
SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFETS 


SLVS078C - DECEMBER 1993 - REVISED AUGUST 1995 


PARAMETER MEASUREMENT INFORMATION 




ov 


-10 V 


TYPICAL CHARACTERISTICS 
Table of Graphs 


[ —1 

FIGURE 

Drain current 


3 

Drain current 

vs Gate-to-source voltage 

4 

Static drain-to-source on-state resistance 

vs Drain current 

5 

Capacitance 

vs Drain-to-source voltage 

6 

Static drain-to-source on-state resistance (normalized) 

vs Junction temperature 

7 

Source-to-drain diode current 

vs Source-to-drain voltage 

8 

Static drain-to-source on-state resistance 

vs Gate-to-source voltage 

9 

Gate-to-source threshold voltage 

vs Junction temperature 

10 

Gate-to-source voltage 

vs Gate charge 

11 
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TPS1100, TPS1100Y 

SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFETS 


SLVS078C - DECEMBER 1993 - REVISED AUGUST 1995 

TYPICAL CHARACTERISTICS 


DRAIN CURRENT 


vs 

DRAIN-TO-SOURCE VOLTAGE 



Vds - Drain-to-Source Voltage - V 


Figure 3 

STATIC DRAIN-TO-SOURCE ON-STATE RESISTANCE 


vs 



- 0.1 -1 -10 
Id - Drain Current - A 

Figure 5 


DRAIN CURRENT 


vs 



0 -1 -2 -3 -4 -5 -6 -7 

Vqs “ Gate-to-Source Voltage - V 

Figure 4 

CAPACITANCE 


vs 



0 -1 -2 -3 -4 -5 -6 -7 -8 -9 -10-11 -12 
Vds “ Drain-to-Source Voltage - V 

^ ^iss ^gd’ ^ds(shorted) 

tc - c c - c +-^51^-0 +c 

* Crss - Cgj, Coss - Cds + Cgs + Cgj, ~ ^ds + 

Figure 6 
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TPS1100,TPS1100Y 
SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFETS 


SLVS078C - DECEMBER 1993 - REVISED AUGUST 1995 

TYPICAL CHARACTERISTICS 


STATIC DRAIN-TO-SOURCE 
ON-STATE RESISTANCE (NORMALIZED) 
vs 



-50 0 50 100 150 

Tj - Junction Temperature - °C 

Figure 7 


SOURCE-TO-DRAIN DIODE CURRENT 


vs 



0 -0.2-0.4-0.6 -0.8 -1 -1.2 -1.4 -1.6 -1.8 

VsD - Source-to-Drain Voltage - V 


Figure 8 


STATIC DRAIN-TO-SOURCE ON-STATE RESISTANCE 
vs 

GATE-TO-SOURCE VOLTAGE 



Figure 9 


GATE-TO-SOURCE THRESHOLD VOLTAGE 



Tj - Junction Temperature - °C 


Figure 10 
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TPS1100, TPS1100Y 

SINGLE P-CHANNEL ENHANCEMENT<MODE MOSFETS 


SLVS078C - DECEMBER 1993 - REVISED AUGUST 1995 

TYPICAL CHARACTERISTICS 

GATE-TO-SOURCE VOLTAGE 


vs 



0 1 2 3 4 5 6 

Qg - Gate Charge - nC 

Figure 11 
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Drain Current 


TPS1100, TPS1100Y 
SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFETS 


SLVS078C - DECEMBER 1993 - REVISED AUGUST 1995 


THERMAL INFORMATION 

TRANSIENT JUNCTION-TO-AMBIENT 

DRAIN CURRENT THERMAL IMPEDANCE 



-1 -10 

-100 

0.001 

0.01 0.1 1 

10 

Vds “ Drain-to-Source Voltage - V 



tw -* Pulse Duration - s 


Figure 12 



Figure 13 



NOTE A. Values are for the D package and are FR4-board mounted only. 


APPLICATION INFORMATION 



Figure 14. Notebook Load Management Figure 15. Ceiiuiar Phone Output Drive 
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TPS1101,TPS1101Y 
SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFETS 


SLVS079C - DECEMBER 1993 - REVISED AUGUST 1995 


Low rDS(on) ■ ■ • 0 09 ^ Typ at Vqs = -10 V 

3 V Compatible 

Requires No External Vcc 

TTL and CMOS Compatible Inputs 

VGS(th) = ”1-5 VMax 

Available in Ultrathin TSSOP Package (PW) 
ESD Protection Up to 2 kV per 
MIL-STD-883C, Method 3015 


D PACKAGE 
(TOP VIEW) 


SOURCE [ 1 
SOURCE [ 2 
SOURCE [ 3 
GATE [ 4 

D PACKAGE 


8 ] DRAIN 
7 ] DRAIN 
6 ] DRAIN 
5 1 DRAIN 


description 


The TPS1101 is a single, low-rDS(on)> P-channel, 
enhancement-mode MOSFET. The device has 
been optimized for 3-V or 5-V power distribution in 
battery-powered systems by means of the Texas 
Instruments LinBiCMOS™ process. With a 
maximum VGS(th) of -1.5 V and an Iqss of only 
0.5 jiA, the TPS1101 is the Ideal high-side switch 
for low-voltage, portable battery-management 
systems where maximizing battery life is a primary 
concern. The low rps(on) excellent ac 
characteristics (rise time 5.5 ns typical) of the 
TPS 1101 make it the logical choice for low-voltage 
switching applications such as power switches for 
pulse-width-modulated (PWM) controllers or 
motor/bridge drivers. 



PW PACKAGE 



PW PACKAGE 
(TOP VIEW) 


NC I 
SOURCE I 
SOURCE I 

The ultrathin thin shrink small-outline package or ^=11 "CaIm 

TSSOP (PW) version fits in height-restricted ^ ® m 

places where other P-channel MOSFETs cannot. ^°gate DC 7 io ^ DRA N 

The size advantage is especially important where g 9 —p-, 

board height restrictions do not allow for an 

small-outline integrated circuit (SOIC) package. nc - No internal connection 

Such applications include notebook computers, 
personal digital assistants (PDAs), cellular 

telephones, and PCMCIA cards. For existing designs, the D-packaged version has a pinout common with other 
P-channel MOSFETs in SOIC packages. 


NC - No internal connection 


AVAILABLE OPTIONS 



40°C to 150X 


PACKAGED DEVICESt | 

SMALL OUTLINE 
(D) 

TSSOP 

(PW) 

TPS1101D 

TPS1101 PWLE 


CHIP FORM 
(Y) 



tThe D package is available taped and reeled. Add an R suffix to device type (e.g., 
TPS1101 DR). The PW package is only available left-end taped and reeled (indicated by 
the LE suffix on the device type; e.g., TPS1101PWLE). The chip form is tested at 25°C. 


LinBiCMOS is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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TPS1101,TPS1101Y 

SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFETS 


SLVS079C - DECEMBER 1993 - REVISED AUGUST 1995 


schematic 


^ Circuitry .▼J 



NOTE A. For all applications, all source terminals should be 
connected and all drain terminals should be connected. 


TPS1101Y chip information 

This chip, when properly assembled, displays characteristics similar to the TPS1101. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be mounted with 
conductive epoxy or a gold-silicon preform. 


BONDING PAD ASSIGNMENTS 



SOURCE ilL 
( 2 ) 

SOURCE 

SOURCE 

GATE 


(7) 

TPS1100Y 

(o) 


CHIP THICKNESS: 15 MILS TYPICAL 
BONDING PADS: 4x4 MILS MINIMUM 
Tjmax = 150®C 
TOLERANCES ARE ±10% 

ALL DIMENSIONS ARE IN MILS 


'I'l'l'l'l'l'l'l'l'l'l'l'i'l'l'l'l'l'l'l'l'l' 
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TPS1101,TPS1101Y 
SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFETS 


SLVS079B - DECEMBER 1993 - REVISED AUGUST 1995 


absolute maximum ratings over operating free-air temperature (uniess otherwise noted)t 



UNIT 

Drain-to-source voltage, Vqs 

-15 

V 

Gate-to-source voltage, Vqs 

2or-15 

V 



D package 

Ta = 25°C 

±0.62 



Vgs = -2.7V 

Ta=125°C 

±0.39 



PW package 

Ta = 25°C 

±0.61 




Ta=125°C 

±0.38 




D package 

Ta = 25°C 

±0.88 



Vgs = -3V 

Ta=125°C 

±0.47 



PW package 

Ta = 25°C 

±0.86 


Continuous drain current (Tj = 150°C), Iq^ 


Ta=125°C 

±0.45 



D package 

Ta = 25 °c 

±1.52 



VgS = -4-5V 

Ta=125°C 

±0.71 



PW package 

Ta = 25°C 

±1.44 




Ta= 125°C 

±0.67 




D package 

Ta = 25°C 

±2.30 



Vgs = -10V 

Ta=125X 

±1.04 



PW package 

Ta = 25°C 

±2.18 




Ta=125°C 

±0.98 


Pulsed drain current, Ipt 

Ta = 25°C 

±10 

A 

Continuous source current (diode conduction). Is 

Ta = 25 °c 

-1.1 

A 

Storage temperature range, Tstg 

-55 to 150 

°C 

Operating junction temperature range, Tj 

-40 to 150 


Operating free-air temperature range, Ta 

-40 to 125 

mm 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

260 

«cj 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability, 
t Maximum values are calculated using a derating factor based on RejA = 158°C/W for the D package and Rgja = 176°C/W for the PW package. 
These devices are mounted on an FR4 board with no special thermal considerations. 


DISSIPATION RATING TABLE 


PACKAGE 

Ta < 25°C 

DERATING FACTOR^ 

Ta = 70°c 

Ta = 85°C 

Ta = 125°C 

POWER RATING 

ABOVE Ta = 25°C 

POWER RATING 

POWER RATING 

POWER RATING 

D 

791 mW 

6.33 mW/°C 

506 mW 

411 mW 

158 mW 

PW 

710 mW 

5.68 mW/°C 

454 mW 

369 mW 

142 mW 


t Maximum values are calculated using a derating factor based on Rgja = 158°C/W for the D package and Rgja = 176°C/W 


for the PW package. These devices are mounted on an FR4 board with no special thermal considerations. 
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TPS1101,TPS1101Y 

SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFETS 


SLVS079C - DECEMBER 1993 - REVISED AUGUST 1995 


electrical characteristics at Tj = 25°C (unless otherwise noted) 
static 


PARAMETER TEST CONDITIONS 


PARAMETER 

VGS(th) 

Gate-to-source 
threshold voltage 


Source-to-drain 

VSD 

voltage (diode-for¬ 
ward voltage)t 


Reverse gate current, 

•gss 

drain short circuited 
to source 

loss 

Zero-gate-voltage 
drain current 

rDS(on) 

Static drain-to-source 
on-state resistancet 

9fs 

Forward 

transconductancet 


MIN TYP MAX MIN TYP MAX 


VdS = Vqs. Id = -250 iiA 


IS = -1A, Vgs = 0V 



t Pulse test: pulse duration < 300 ps, duty cycle < 2% 

(dynamic 


PARAMETER 


TEST CONDITIONS 


TPS1101,TPS1101Y 

UNIT 



MIN TYP MAX 

Qg 

Total gate charge 




11.25 


QgS 

Gate-to-source charge 

vds=-iov, 

Vgs = -10V, 

Id = -1 A 

1.5 

nC 

Qgd 

Gate-to-drain charge 




2.6 



Turn-on delay time 




6.5 

ns 

BI83I 

Turn-off delay time 

vdd = -iov, 

RL=10a ' 

Id = -i a, 

19 

ns 

tr Rise time 

Rq = 6 Q, 

See Figures 1 and 2 


5.5 


tf Fall time 





ns 

lESSi 

Source-to-drain reverse recovery time 

Ip = 5.3 A, 

di/dt=100A/ps 


16 
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TPS1101,TPS1101Y 
SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFETS 


SLVS079B - DECEMBER 1993 - REVISED AUGUST 1995 

PARAMETER MEASUREMENT INFORMATION 



Figure 1. Switching-Time Test Circuit Figure 2. Switching-Time Waveforms 


TYPICAL CHARACTERISTICS 


Table of Graphs 


FIGURE 


Drain current 

vs Drain-to-source voltage 

3 

Drain current 

vs Gate-to-source voltage 

4 

Static drain-to-source on-state resistance 

vs Drain current 

5 

Capacitance 

vs Drain-to-source voltage 

6 

Static drain-to-source on-state resistance (normalized) 

vs Junction temperature 

7 

Source-to-drain diode current 

vs Source-to-drain voltage 

8 

Static drain-to-source on-state resistance 

vs Gate-to-source voltage 

9 

Gate-to-source threshold voltage 

vs Junction temperature 

10 

Gate-to-source voltage 

vs Gate charge 

11 
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TPS1101,TPS1101Y 

SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFETS 


SLVS079C - DECEMBER 1993 - REVISED AUGUST 1995 

tVpical characteristics 


DRAIN CURRENT 


DRAIN CURRENT 


vs 

DRAIN-TO-SOURCE VOLTAGE 



Vds •“ Drain-to-Source Voltage ~ V 


Figures 

STATIC DRAIN-TO-SOURCE ON-STATE RESISTANCE 


vs 



- 0.1 -1 -10 
Ip - Drain Current - A 


Figure 5 


vs 



0 -1 -2 -3 -4 -5 

Vqs - Gate-to-Source Voltage - V 

Figure 4 

CAPACITANCEt 


vs 



0 -1 -2 -3 -4-5 -6-7 -8 -9-10-11-12 


t C:„ 


^ ^rss 


Vps - Drain-to-Source Voltage - V 

= Cgs + Cg^j, 

= c C = C -C +C 

•^gd’ ^oss "^ds ^ Cgs + Cgj “ ^ds ^ ^gd 

Figure 6 
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TPS1101,TPS1101Y 
SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFETS 


SLVS079B - DECEMBER 1993 - REVISED AUGUST 1995 

TYPICAL CHARACTERISTICS 


STATIC DRAIN-TO-SOURCE 
ON-STATE RESISTANCE (NORMALIZED) 


vs 



~50 0 50 100 150 

Tj - Junction Temperature - °C 

Figure 7 

STATIC DRAIN-TO-SOURCE ON-STATE RESISTANCE 


vs 



>1 -3 >5 _7 -9 -11 _i 3 -15 


Vqs - Gate-to-Source Voltage - V 
Figure 9 


SOURCE-TO-DRAIN DIODE CURRENT 
vs 

SOURCE-TO-DRAIN VOLTAGE 



VsDSource-to-Drain Voltage ~ V 
Figure 8 


GATE-TO-SOURCE THRESHOLD VOLTAGE 



~50 0 50 100 150 


Tj - Junction Temperature - 


Figure 10 
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TPS1101,TPS1101Y 

SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFETS 


SLVS079C - DECEMBER 1993 - REVISED AUGUST 1995 

TYPICAL CHARACTERISTICS 

GATE-TO-SOURCE VOLTAGE 
vs 



0 2 4 6 8 10 12 

Qg - Gate Charge - nC 

Figure 11 
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Drain Current 


TPS1101,TPS1101Y 
SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFETS 


SLVS079B- DECEMBER 1993- REVISED AUGUST 1995 


THERMAL INFORMATION 


TRANSIENT JUNCTION-TO-AMBIENT 

DRAIN CURRENT THERMAL IMPEDANCE 


vs 

DRAIN-TO-SOURCE VOLTAGE 


vs 

PULSE DURATION 



Vqs ” Drain-to-Source Voltage - V 


tw - Pulse Duration - s 


Figure 12 Figure 13 

NOTE B. Values are for the D package and are FR4-board-mounted only. 


APPLICATION INFORMATION 



Figure 14. Notebook Load Management Figure 15. Celiular Phone Output Drive 
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TPS1110,TPS1110Y 
SINGLE P-CHANNEL LOGIC-LEVEL MOSFETS 

, SLVS100A - OCTOBER1994 -REVISED AUGUST 1^995 

• Low rDS(on) ■ - • 65 mO Typ at Vqs = “4.5 V 

• High Current Capability 
6 A at Vqs = “4.5 V 

• Logic-Level Gate Drive (3 V Compatible) 

VGS(th) = “0-6 V Max 

• Low Drain-Source Leakage Current 
<100 nA From 25X to 75X 
atVDs = “6V 

• Fast Switching ... 5.8 ns Typ tci(on) 

• Smali-Outline Surface-Mount Power 
Package 

description 

The TPS1110 is a single, low-r0S(on)> P-channel enhancement-mode power MOS transistor. The device 
features extremely low-rDS(on) values coupled with logic-level gate-drive capability and very low drain-source 
leakage current. With a maximum VGS(th) “0.9 V and an Iqss of only -100 nA, the TPS1110 Is the Ideal 
high-side switch for low-voltage, portable battery-management power-distribution systems where maximizing 
battery life is an important concern. The thermal performance of the 8-pin small-outline (D) package has been 
greatly enhanced over the standard 8-pin SOIC, further making the TPS1110 ideally suited for many power 
applications. For compatibility with existing designs, the TPS1110 has a pinout common with other P-channel 
MOSFETs in small-outline integrated circuit (SOIC) packages. The TPS1110 is characterized for an operating 
junction temperature range, Tj, from -40°C to 150°C. The D package is available packaged in standard sleeves 
or In taped and reeled formats. When ordering the tape-and-reel format, add an R suffix to the device type 
number (e.g., TPS1110DR). 


D PACKAGE 
(TOP VIEW) 


SOURCE [ 

7 ^ 

8 

SOURCE [ 

2 

7 

SOURCE [ 

3 

6 

GATE [ 

4 

5 


] DRAIN 
] DRAIN 
] DRAIN 
] DRAIN 




AVAILABLE OPTIONS 


Tj 

PACKAGED DEVICEt 

CHIP FORM 
(Y) 

SMALL OUTLINE 
(D) 

-40°C to 150X 

TPS1110D 

TPS1110Y 


t The D package is available taped and reeled. Add an R suffix to device 
type (e.g., TPS1110DR). The chip form is tested at 25°C. 


schematic 


SOURCE 




PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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TPS1110,TPS1110Y 

SINGLE P-CHANNEL LOGIC-LEVEL MOSFETS 


SLVS100A- OCTOBER 1994 - REVISED AUGUST 1995 


TPS1110Y chip information 

This chip, when properly assembled, displays characteristics similar to the TPS1110C. Thermal compression 
or ultrasonic bonding may be used on the doped aluminum bonding pads. The chip may be mounted with 
conductive epoxy or a gold-silicon preform. 
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TPS1110, TPS1110Y 
SINGLE P-CHANNEL LOGIC-LEVEL MOSFETS 

SLVS1OOA - OCTOBER 1994 - REVISED AUGUST 1995 


absolute maximum ratings over operating free-air temperature (unless otherwise noted)t 


— n 

UNIT 

Drain-to-source voltage, Vqs 

-7 


Gate-to-source voltage, Vqs 

±7 



Vgs = -2.7V 

Tp = 25°Ct 

-5 


Continuous drain current, Iq 

Tp = 125°Ct 

-2.3 


Vqs = -4.5 V 

Tp = 25°Ct 

-6 



Tp = 125°Ct 

1 

ro 


Pulse drain current, Iq 

Ta = 25°C 

-24 


Continuous source current (diode conduction), 1$ 

Ta = 25°C 

-6 


Continuous total power dissipation 

Tp = 25°Ct 

4 

w 

Junction-to-pin thermal resistance (Gjp) 

31 

°c/w 

Continuous total power dissipation 


Ta = 25°C 

1.25 

w 

Junction-to-ambient thermal resistance (Gja) 

100 

°c/w 

Storage temperature range, Tstg 

-65 to 150 


Operating junction temperature range, Tj 

-40 to 150 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

260 



t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

^ Tp - Temperature of drain pins measured close to the package 

electrical characteristics at Tj = 25''C (unless otherwise noted) 
static 


PARAMETER 

TEST CONDITIONS 

TPS1110 

TPS1110Y 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

VGS(th) Gate-to-source threshold voltage 

VdS = VqS- = -250 |IA, 

See Figure 9 

-0.5 -0.75 -0.9 

-0.75 

V 

. Source-to-drain voltage (diode 

forward voltage)§ 

■SD = -3 A, Vqs = 0 V, 

See Figure 8 

-0.8 

-0.8 

V 

Reverse gate current, drain short 
circuited to source 

VdS = 0V, Vgs = -6V 

±100 


nA 

*DSS Zero-gate-voltage drain current 

VdS = -7V, 
vgs = ov 

Tj = 25°C 

-100 


nA 

VdS = -6V, 
vgs=ov 

Tj = 75°C 

-100 


nA 

Tj = 125X 

-10 


pA 

Static drain-to-source on-state 

DS(on) resistance§ 

VgS = -4.5V, Id = -6A, 

See Figure 5 

65 75 

65 

mQ 

Vgs = -2.7V, Id = -2A, 

See Figure 5 

100 110 

100 

gfs Forward transconductance§ 

VdS = -5V. Id = -6A 

5 

5 

S 

- Short-circuit input capacitance, 

common source 

Vds = -6 V, Vgs = 0 V, 
f = 1 MHz See Figure 6 

275 

275 

PF 

^ Short-circuit output capacitance, 

common source 

415 

415 

^ Short-circuit reverse transfer 

capacitance, common source 

73 

73 


§ Pulse test: pulse duration < 300 ps, duty cycle < 2% 
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TPS1110, TPS1110Y 

SINGLE P-CHANNEL LOGIC-LEVEL MOSFETS 


SLVS100A- OCTOBER 1994 - REVISED AUGUST 1995 


dynamic 






TPS1110 

TPS1110Y 

UNIT 





MIN TYP 

MAX 

MIN TYP MAX 

Qg 

Total gate charge 



4.3 

5.4 

4.3 


Qgs 

Gate-to-source 

charge 

Vds = -6V, Vgs = -6V, 

See Figures 1 and 10 

< 

CO 

1 

II 

Q 

0.66 

0.83 

0.66 

nC 

Qgd 

Gate-to-drain charge 



0.52 

0.68 

0.52 


td(on) 

Turn-on delay time 



5.8 

8 

5.8 

ns 

td(off) 

Turn-off delay time 

Vdd = -6V, Rl = 6^ 

< 

1 

II 

Q 

22 

29 

22 

ns 

tr 

Rise time 

Rq-6^, See Figure 2 


22 

29 

22 



Fall time 



4.5 


4.5 

ns 

trr(SD) 

Source-to-drain 
reverse-recovery time 

Vds = -6V, di/dt = 100A/|xs, 


65 

98 

65 

Qrr 


71 

71 

nC 


PARAMETER MEASUREMENT INFORMATION 




Figure 1. Gate-Charge Test Circuit and Waveform 
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TPS1110, TPS1110Y 
SINGLE P-CHANNEL LOGIC-LEVEL MOSFETS 
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TPS1110, TPS1110Y 

SINGLE P-CHANNEL LOGIC-LEVEL MOSFETS 

SLVS100A-OCTOBER 1994 - REVISED AUGUST 1995 , 


TYPICAL CHARACTERISTICS 
Table of Graphs 


r ! 

FIGURE 

Drain current 

vs Drain-to-source voltage 

3 

Drain current 

vs Gate-to-source voltage 

4 

Static drain-to-source on-state resistance 

vs Drain current 

5 

Capacitance 

vs Drain-to-source voltage 

6 

Static drain-to-source on-state resistance (normalized) 

vs Junction temperature 

7 

Source-to-drain diode current 

vs Source-to-drain voltage 

8 

Gate-to-source threshold voltage 

vs Junction temperature 

9 

Gate-to-source voltage 

vs Gate charge 

10 


DRAIN CURRENT 
vs 

DRAIN-TO-SOURCE VOLTAGE 



Figure 3 


DRAIN CURRENT 


vs 



0 -0.5 -1 -1.5 -2 -2.5 -3 

Vqs - Gate-to-Source Voltage - V 

Figure 4 
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TPS1110, TPS1110Y 
SINGLE P-CHANNEL LOGIC-LEVEL MOSFETS 


SLVS100A-OCTOBER 1994-REVISED AUGUST 1995 

TYPICAL CHARACTERISTICS 

STATIC DRAIN-TO-SOURCE ON-STATE RESISTANCE CAPACITANCEt 


VS 



- 0.1 -1 -10 -100 
Iq - Drain Current - A 


Figure 5 


STATIC DRAIN-TO-SOURCE 
ON-STATE RESISTANCE (NORMALIZED) 
vs 



-50 0 50 100 150 

Tj - Junction Temperature - °C 

Figure 7 


vs 

DRAIN-TO-SOURCE VOLTAGE 



Vds “ Drain-to-Source Voitage - V 

^ ^iss ~ ^gd’ ^ds(shorted) 

^ Crss = Cqss = + Cg^ 

Figure 6 

SOURCE-TO-DRAIN DIODE CURRENT 


vs 



- 0.1 -1 -10 


VsD - Source-to-Drain Voitage - V 

Figure 8 
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TYPICAL CHARACTERISTICS 


GATE-TO-SOURCE THRESHOLD VOLTAGE 


vs 



-50 0 50 100 150 

Tj - Junction Temperature - °C 


Figure 9 


GATE-TO-SOURCE VOLTAGE 


vs 

GATE CHARGE 



Figure 10 
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TPS1110, TPS1110Y 
SINGLE P-CHANNEL LOGIC-LEVEL MOSFETS 


SLVS100A- OCTOBER 1994 - REVISED AUGUST 1995 


THERMAL INFORMATION 
Table of Graphs 


1 1 

FIGURE 

Maximum drain current 

vs Drain-to-source voltage 

11 

Junction-to-pin thermal resistance (normalized) 

vs Pulse duration 

12 

Junction-to-ambient thermal resistance (normalized) 

vs Pulse duration 

13 


MAXIMUM DRAIN CURRENT 


vs 



- 0.1 -1 -10 
Vds “ Drain-to-Source Voltage - V 

tip - Temperature of drain pins measured close to the package 

Figure 11 
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TPS1110, TPS1110Y 

SINGLE P-CHANNEL LOGIC-LEVEL MOSFETS 


SLVS1OOA - OCTOBER 1994 - REVISED AUGUST 1995 

THERMAL INFORMATION 

JUNCTION-TO-PIN THERMAL RESISTANCE (NORMALIZED) 
vs 

PULSE DURATION 



tw ~ Pulse Duration - s 


NOTE A: Zejp(t) = rjp(t) • Ojp 
tw = pulse duration 
tc = cycle time 
d = duty cycle = tw/tc 
peak Tj = Pq • Z 0 jp(t) -i- Tp 


Figure 12 
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TPS1110,TPS1110Y 
SINGLE P-CHANNEL LOGIC-LEVEL MOSFETS 


SLVS1OOA - OCTOBER 1994 - REVISED AUGUST 1995 

THERMAL INFORMATION 

JUNCTION-TO-AMBIENT THERMAL RESISTANCE (NORMALIZED)t 


vs 



0.0001 0.001 0.01 0.1 1 10 100 

tw ~ Pulse Duration - s 

t Device mounted on FR4 printed-circuit board with no special thermal considerations. 

NOTE A; ZejA(t) = rjA(t) • 0JA 
tw = pulse duration 
tc = cycle time 
d = duty cycle = t^/tc 
peak Tj = Pd • ZejA(t) + Ta 

Figure 13 
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TPS1120,TPS1120Y 
DUAL P-CHANNEL ENHANCEMENT-MODE MOSFETS 

SLVS080A-MARCH 1994-REVISED AUGUST 1995 

• Low rDS(on) • ■ ■ ^ ^GS = “■'*0 V 

• 3-V Compatible 

• Requires No External Vqc 

• TTL and CMOS Compatible Inputs 

• VGS(th) = ’-1-5 VMax 

• ESD Protection Up to 2 kV per 
MIL-STD-883C, Method 3015 

description 

The TPS1120 incorporates two independent 
p-channel enhancement-mode MOSFETs that 
have been optimized, by means of the Texas 
Instruments LinBiCMOS™ process, for 3-V or 5-V 
power distribution in battery-powered systems. With a maximum VGS(th) of-1.5 V and an Iqss of only 0.5 |xA, 
the TPS1120 is the ideal high-side switch for low-voltage portable battery-management systems, where 
maximizing battery life is a primary concern. Because portable equipment is potentially subject to electrostatic 
discharge (ESD), the MOSFETs have built-in circuitry for 2-kV ESD protection. End equipment for the TPS1120 
includes notebook computers, personal digital assistants (PDAs), cellular telephones, bar-code scanners, and 
PCMCIA cards. For existing designs, the TPS1120D has a pinout common with other p-channel MOSFETs in 
small-outline Integrated circuit SOIC packages. 

The TPS1120 is characterized for an operating junction temperature range, Tj, from -40°C to 150°C. 


AVAILABLE OPTIONS 


Tj 

PACKAGED DEVICESt 

CHIP FORM 
(Y) 

SMALL OUTLINE 
(D) 

-40°C to ISO'^C 

TPS1120D 

TPS1120Y 


t The D package Is available taped and reeled. Add an R suffix to device 
type (e.g., TPS1120DR). The chip form Is tested at 25°C. 


D PACKAGE 
(TOP VIEW) 

1 SOURCE [ 1 8 ] 1 DRAIN 

1GATE [ 2 7]1DRAIN 

2SOURCE [3 6 ] 2DRAIN 

2GATE [4 5 ] 2DRAIN 






Caution. This device contains circuits to protect its inputs and outputs against damage due to high static voltages or electrostatic 
fields. These circuits have been qualified to protect this device against electrostatic discharges (ESD) of up to 2 kV according to 
MIL-STD-883C, Method 3015; however, it Is advised that precautions be taken to avoid application of any voltage higher than 
maximum-rated voltages to these high-impedance circuits. 


LinBiCMOS is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA information is current as of pubiication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of ali parameters. 
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TPS1120,TPS1120Y 

DUAL P-CHANNEL ENHANCEMENT-MODE MOSFETS 


SLVS080A- MARCH 1994 - REVISED AUGUST 1995 



BONDING PAD ASSIGNMENTS 



(1) 

(8) 

(2) 

(7) 

TPS1120Y 


(3) 

(6) 

(4) 

(5) 


1 DRAIN 
1 DRAIN 
2DRAIN 
2DRAIN 


CHIP THICKNESS: 15 MILS TYPICAL 
BONDING PADS: 4x4 MILS MINIMUM 
Tjmax = 150°C 
TOLERANCES ARE ± 10% 

ALL DIMENSIONS ARE IN MILS 


- 64 

111 • 111111111111111 
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TPS1120,TPS1120Y 
DUAL P-CHANNEL ENHANCEMENT-MODE MOSFETS 


SLVS080A- MARCH 1994 - REVISED AUGUST 1995 


absolute maximum ratings over operating free-air temperature (unless otherwise noted)t 


n 

UNIT 

Drain-to-source voltage, Vps 

-15 

V 

Gate-to-source voltage, Vqs 

2 or-15 

V 

Continuous drain current, each device (Tj = 150°C), Ip 

Vgs = -2.7V 

Ta = 25°C 

±0.39 

1 

Ta=125°C 

±0.21 

Vgs = -3V 

Ta = 25°C 

±0.5 

Ta= 125°C 

±0.25 

Vgs = -4.5V 

Ta = 25°C 

±0.74 

Ta=125°C 

±0.34 

vgs = -iov 

Ta = 25°C 

±1.17 

Ta= 125°C 

±0.53 

Pulse drain current. Ip 

Ta = 25°C 

±7 

A 

Continuous source current (diode conduction). Is 

Ta = 25°c 

-1 

A 

Continuous total power dissipation 

See Dissipation Rating Table 

Storage temperature range, Tgtg 

-55 to 150 

°C 

Operating junction temperature range, Tj 

-40 to 150 

°C 

Operating free-air temperature range, Tj\ 

-40 to 125 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

260 

°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


DISSIPATION RATING TABLE 


PACKAGE 

Ta < 25°C 
POWER RATING 

DERATING FACTOR* 
ABOVE Ta = 25°C 

Ta = 70 °c 
POWER RATING 

Ta = 85°C 
POWER RATING 

Ta = 125°C 
POWER RATING 

D 

840 mW 

6.71 mW/°C 

538 mW 

437 mW 

169 mW 


t Maximum values are calculated using a derating factor based on Rqja = 149°C/W for the package. These devices are 
mounted on an FR4 board with no special thermal considerations. 
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TPS1120, TPS1120Y 

DUAL P-CHANNEL ENHANCEMENT-MODE MOSFETS 


SLVS080A - MARCH 1994 - REVISED AUGUST 1995 


electrical characteristics at Tj = 25'’C (unless otherwise noted) 
static 


PARAMETER 

TEST CONDITIONS 

TPS1120 

UNIT 

MIN TYP MAX 

VGS(th) Gate-to-source threshold voltage 

VqS - VqS. b = ”250 pA 

-1 -1.25 -1.50 

V 

Source-to-drain voltage (diode forward 
''SD voltage)t 

IS = -1A, Vgs = 0V 

-0.9 

V 

Reverse gate current, drain short circuited to 
source 

VdS = 0V, Vgs = -12V 

±100 

nA 

loss Zero-gate-voltage drain current 

Vds = -12V, vgs = ov 

Tj = 25°C 

-0.5 

pA 

Tj = 125°C 

-10 

''DS(on) Static drain-to-source on-state resistancet 

vgs = -iov 

ID = -1.5A 

180 

mQ 

VgS = -4.5V 

Id = -0.5 A 

291 400 

VgS = -3V 

Id = -0.2 A 

476 700 

Vgs = -2.7V 

606 850 

gfs Forward transconductancet 

Vds = -10V, Id = -2A 

2.5 

S 


t Pulse test: pulse width < 300 ps, duty cycle < 2% 

Static 


PARAMETER 


TPS1120Y 

UNIT 



MIN TYP MAX 

VGS(th) 

Gate-to-source threshold voltage 

Vds = Vgs. 

lD = -250pA 

-1.25 

V 

VSD 

Source-to-drain voltage (diode forward 
voltage)t 

IS = “1 A, 

> 

o 

II 

CO 

-0.9 

V . 



Vgs =-10 V 

Id = -1.5A 

180 


rOSCon) 

Static drain-to-source on-state resistancet 

Vgs =-4.5 V 

Id = -0.5 A 

291 

mO 

VgS=-3V 

Id = -0.2 A 

476 



Vgs =-2.7 V 

606 


gfs 

Forward transconductancet 

Vds =-10 V, 

< 

cvi 

I 

II 

Q 

2.5 

S 


t Pulse test: pulse width < 300 jis, duty cycle < 2% 

dynamic 


PARAMETER 


TEST CONDITIONS 


TPS1120, TPS1120Y 

UNIT 



MIN TYP MAX 

Qg 

Total gate charge 




5.45 


Qgs 

Gate-to-source charge 

Vds =-10 V, 

Vgs=-10 V, 

Id = -1 A 

0.87 

nC 

Qgd 

Gate-to-drain charge 




1.4 


td(on) 

Turn-on delay time 




4.5 

ns 

td(off) 

Turn-off delay time 

< 

o 

o 

II 

1 

o 

<: 

Rl= 10Q, 

D 

II 

1 

> 

13 

ns 

tr 

Rise time 

RG = 6 Q, 

See Figures 1 and 2 


10 


mu 

Fall time 




2 

ns 

trr(SD) 

Source-to-drain reverse recovery time 

Ip = 5.3 A, 

di/dt = 100 A/ps 


16 
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TPS1120, TPS1120Y 
DUAL P-CHANNEL ENHANCEMENT-MODE MOSFETS 

_SLVS080A- MARCH 1994 - REVISED AUGUST 1995 


PARAMETER MEASUREMENT INFORMATION 
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TPS1120, TPS1120Y 

DUAL P-CHANNEL ENHANCEMENT-MODE MOSFETS 

SLVS080A- MARCH 1994 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTICSt 
Table of Graphs 


1 

FIGURE 

Drain current 

vs Drain-to-source voltage 

3 

Drain current 

vs Gate-to-source voltage 

4 

Static drain-to-source on-state resistance 

vs Drain current 

5 

Capacitance 

vs Drain-to-source voltage 

6 

Static drain-to-source on-state resistance (normalized) 

vs Junction temperature 

7 

Source-to-drain diode current 

vs Source-to-drain voltage 

8 

Static drain-to-source on-state resistance 

vs Gate-to-source voltage 

9 

Gate-to-source threshold voltage 

vs Junction temperature 

10 

Gate-to-source voltage 

vs Gate charge 

11 


DRAIN CURRENT 
vs 

DRAIN-TO-SOURCE VOLTAGE 



Vps ” Drain-to-Source Voltage -- V 


Figure 3 


3 

o 

c 


Q 

I 

a 


DRAIN CURRENT 
vs 

GATE-TO-SOURCE VOLTAGE 


Vds = 

-10 V 


A 

T1 




Tj = 

25°C 

n 


150°C 



Tj = 

-40X 

i 






1 

y 






! 







f 













0 L, ._I_^_ [ _I_I_I 

0 -1 -2 ~3 -4 -5 -6 -7 

Vqs - Gate-to-Source Voltage - V 

Figure 4 


t All characteristics data applies for each independent MOSFET incorporated on the TPS1120. 
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TPS1120, TPS1120Y 
DUAL P-CHANNEL ENHANCEMENT-MODE MOSFETS 


SLVS080A- MARCH 1994 - REVISED AUGUST 1995 

TYPICAL CHARACTERISTICS 


STATIC DRAIN-TO-SOURCE ON-STATE RESISTANCE 


vs 



- 0.1 -1 -10 
Id - Drain Current - A 


Figure 5 


STATIC DRAIN-TO-SOURCE 
ON-STATE RESISTANCE (NORMALIZED) 
vs 



-50 0 50 100 150 

Tj - Junction Temperature - °C 

Figure 7 


CAPACITANCE 


vs 



0 -1 -2 -3 -4 -5 -6 -7 -8 -9 -10-11 -12 
Vds - Drain-to-Source Voltage - V 

^ ^iss ^ ^gs ^gd’ ^ds(shorted) 

* Crss = Cg^, Coss = “ ^ds ^gd 

Figure 6 

SOURCE-TO-DRAIN DIODE CURRENT 


vs 



0 -0.2-0.4 -0.6 -0.8 -1 -1.2 -1.4 -1.6 -1.8 


VsD “ Source-to-DraIn Voltage - V 

Figure 8 
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TPS1120,TPS1120Y 

DUAL P-CHANNEL ENHANCEMENT-MODE MOSFETS 

SLVS080A- MARCH 1994 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTICS 


STATIC DRAIN-TO-SOURCE ON-STATE RESISTANCE 


vs 



-1 -3 -5 -7 -9 -11 -13 -15 

Vqs ~ Gate-to-Source Voltage - V 

Figure 9 


GATE-TO-SOURCE THRESHOLD VOLTAGE 


vs 



-50 0 50 100 150 


Tj - Junction Temperature - X 

Figure 10 


GATE-TO-SOURCE VOLTAGE 
vs 



0 1 2 3 4 5 6 

Qg - Gate Charge - nC 


Figure 11 
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TPS1120, TPS1120Y 
DUAL P-CHANNEL ENHANCEMENT-MODE MOSFETS 


SLVS080A- MARCH 1994 - REVISED AUGUST 1995 

THERMAL INFORMATION 

DRAIN CURRENT 


vs 



- 0.1 -1 -10 -100 


Vqs " Draln-to-Source Voltage - V 

Figure 12 

TRANSIENT JUNCTION-TO-AMBIENT 
THERMAL IMPEDANCE 


vs 



0.001 0.01 0.1 1 10 
tw - Pulse Duration - s 

Figure 13 

NOTE A: FR4-board-mounted only 
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TPS1120,TPS1120Y 

DUAL P-CHANNEL ENHANCEMENT-MODE MOSFETS 


SLVS080A- MARCH 1994 - REVISED AUGUST 1995 

THERMAL INFORMATION 


The profile of the heat sinks used for thermal measurements is shown in Figure 14. Board type is FR4 with 1 -oz copper 
and 1-oz tin/lead (63/37) plate. Use of vias or through-holes to enhance thermal conduction was avoided. 

Figure 15 shows a family of Rej^ curves. The Rej^ was obtained for various areas of heat sinks while subject to air 
flow. Power remained fixed at 0.25 W per device or 0.50 W per package. This testing was done at 25°C. 


As Figure 14 illustrates, there are two separated heat sinks for each package. Each heat sink is coupled to the lead 
that is internally tied to a single MOSFET source and Is half the total area, as shown in Figure 15. For example, If the 
total area shown In Figure 15 is 4 cm2, each heat sink is 2 cm2. 


The Combined Area 
of These Two Heat 
Sinks is 4 cm2 



THERMAL RESISTANCE, JUNCTION-TO-AMBIENT 


vs 
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DUAL P-CHANNEL ENHANCEMENT-MODE MOSFETS 
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THERMAL INFORMATION 

Figure 16 Illustrates the thermally enhanced (SO) lead frame. Attaching the two MOSFET dies directly to the source 
terminals allows maximum heat transfer Into a power plane. 



Figure 16. TPS1120 Dual MOSFET SO-8 Lead Frame 

APPLICATION INFORMATION 



Figure 17. Notebook Load Management Figure 18. Cellular Phone Output Drive 
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TPS2010, TPS2011, TPS2012, TPS2013, TPS2010Y 
POWER-DISTRIBUTION SWITCHES 


• 95-mQ Max (5.5-V Input) High-Side MOSFET 
Switch With Logic Compatibie Enable Input 

• Short-Circuit and Thermai Protection 

• Typicai Short-Circuit Current Limits: 

0.4 A, TPS2010; 1.2 A, TPS2011; 

2 A, TPS2012; 2.6 A, TPS2013 

• Electrostatic-Discharge Protection, 12-kV 
Output, 6-kV Ali Other Terminals 

• Controlled Rise and Faii Times to Limit 
Current Surges and Minimize EMI 

• SOIC-8 Package Pin Compatibie With the 
Popuiar Littlefoor^ Series When GND is 
Connected 

• 2.7-V to 5.5-V Operating Range 

• 10-[iA Maximum Standby Current 

• Surface-Mount SOiC-8 and TSSOP-14 
Packages 

• --40°C to 125°C Operating Junction 
Temperature Range 


SLVS097A- DECEMBER 1994- REVISED AUGUST 1995 


D PACKAGE 
(TOP VIEW) 



PW PACKAGE 
(TOP VIEW) 



description 

The TPS201X family of power-distribution switches is intended for applications where heavy capacitive loads 
and short circuits are likely to be encountered. The high-side switch is a 95-mn N-channel MOSFET Gate drive 
is provided by an internal driver and charge pump designed to control the power switch rise times and fall times 
to minimize current surges during switching. The charge pump operates at 100 kHz, requires no external 
components, and allows operation from supplies as low as 2.7 V. When the output load exceeds the current-limit 
threshold or a short circuit is present, the TPS201x limits the output current to a safe level by switching into a 
constant-current mode. Continuous heavy overloads and short circuits increase power dissipation in the switch 
and cause the junction temperature to rise. If the junction temperature reaches approximately 180°C, a thermal 
protection circuit shuts the switch off to prevent damage. Recovery from thermal shutdown is automatic once 
the device has cooled sufficiently. 

The members of the TPS201x family differ only in short-circuit current threshold. The TPS2010 is designed to 
limit at 0.4-A load; the other members of the family limit at 1.2 A, 2 A, and 2.6 A (see the available options table). 
The TPS201X family is available in 8-pin small-outline integrated circuit (SOIC) and 14-pin thin shink 
small-outline (TSSOP) packages and operates over a junction temperature range of-40°C to 125°C. Versions 
in the 8-pln SOIC package are drop-in replacements for Siliconix’s Littlefoot™ power PMOS switches, except 
that GND must be connected. 


AVAILABLE OPTIONS 



RECOMMENDED MAXIMUM 

TYPICAL SHORT-CIRCUIT 

PACKAGED DEVICES 

CHIP 

Tj 

CONTINUOUS LOAD CURRENT 

OUTPUT CURRENT LIMIT AT 25°C 

SOIC 

TSSOP 

FORM 

(A) 

(A) 

(D)t 

(PW)+ 

(Y) 


0.2 

0.4 

TPS2010D 

TPS2010PWLE 

TPS2010Y 

-40°Cto125°C 

0.6 

1.2 

TPS2011D 

TPS2011PWLE 

TPS2011Y 

1 

2 

TPS2012D 

TPS2012PWLE 

TPS2012Y 


1.5 

2.6 

TPS2013D 

TPS2013PWLE 

TPS2013Y 


t The D package is available taped and reeled. Add an R suffix to device type (e.g., TPS2010DR). 

^ The PW package is only available left-end taped and reeled (indicated by the LE suffix on the device type; e.g., TPS2010PWLE). 


Littlefoot is a trademark of Siliconix. 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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TPS2010, TPS2011, TPS2012, TPS2013, TPS2010Y 
POWER-DISTRIBUTION SWITCHES 


SLVS097 - DECEMBER 1994 - REVISED AUGUST 1995 


functional block diagram 


IN 


EN 

GND 


Power Switch 



OUT 


t Current sense 


Terminal Functions 


TERMINAL 

I/O 

DESCRIPTION 

NAME 

NO. 

D PW 

EN 

4 7 

1 

Enable input. Logic low turns power switch on. 

GND 

1 1 

1 

Ground 

IN 

2,3 2-6 

1 

Input voltage 

OUT 

5-8 8-14 

o 

Power-switch output 


detailed description 
power switch 

The power switch is an N-channel MOSFET with a maximum on-state resistance of 95 mQ (V|(|n) = 5.5 V), 
configured as a high-side switch. 

charge pump 

An internal 100-kHz charge pump supplies power to the driver circuit and provides the necessary voltage to pull 
the gate of the MOSFET above the source. The charge pump operates from input voltages as low as 2.7 V and 
requires very little supply current. 

driver 

The driver controls the gate voltage of the power switch. To limit large current surges and reduce the associated 
electromagnetic interference (EMI) produced, the driver incorporates circuitry that controls the rise times and 
fall times of the output voltage. The rise and fall times are typically in the 2-ms to 4-ms range instead of the 
microsecond or nanosecond range for a standard FET. 

enable (EN) 

A logic high on the ^ input turns off the power switch and the bias for the charge pump, driver, and other circuitry 
to reduce the supply current to less than 10 iiA. A logic zero input restores bias to the drive and control circuits 
and turns the power on. The enable input is compatible with both TTL and CMOS logic levels. 
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POWER-DISTRIBUTION SWITCHES 


SLVS097A- DECEMBER 1994 - REVISED AUGUST 1995 


current sense 

A sense FET monitors the current supplied to the load. The sense FET is a much more efficient way to measure 
current than conventional resistance methods. When an overload or short circuit is encountered, the 
current-sense circuitry sends a control signal to the driver. The driver in turn reduces the gate voltage and drives 
the power FET into its linear region, which switches the output into a constant current mode and simply holds 
the current constant while varying the voltage on the load. 

thermal sense 

An internal thermal-sense circuit shuts the power switch off when the junction temperature rises to 
approximately 180°C. Hysteresis is built into the thermal sense, and after the device has cooled approximately 
20 degrees, the switch turns back on. The switch continues to cycle off and on until the fault is removed. 


TPS201xY chip information 


This chip, when properly assembled, displays characteristics similar to the TPS201xC. Thermal compression 
or ultrasonic bonding may be used on the doped aluminum bonding pads. The chip may be mounted with 
conductive epoxy or a gold-silicon preform. 



GND 


OUT 


OUT 


TPS201XY 


OUT 


OUT 


CHIP THICKNESS: 15 MILS TYPICAL 
BONDING PADS: 4x4 MILS MINIMUM 
Tjmax = 150°C 
TOLERANCES ARE ±10% 

ALL DIMENSIONS ARE IN MILS 


BONDING PAD ASSIGNMENTS 
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TPS2010, TPS2011, TPS2012, TPS2013, TPS2010Y 
POWER-DISTRIBUTION SWITCHES 


SLVS097 - DECEMBER 1994 - REVISED AUGUST 1995 

absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)t 


Input voltage range, V|(|n) (see Note 1) .. -0.3 V to 7 V 

Output voltage range, Vq (see Note 1) . . -0.3 V to V|(|N) +0.3 V 

Input voltage range, V| at EN .. -0.3 V to 7 V 

Continuous output current, \q . internally limited 

Continuous total power dissipation . See Dissipation Rating Table 

Operating virtual junction temperature range, Tj .. -40°C to 125°C 

Storage temperature range, Tgtg . -65°C to 150°C 

Lead temperature soldering 1,6 mm (1/16 inch) from case for 10 seconds . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltages are with respect to GND. 


DISSIPATION RATING TABLE 


PACKAGE 

Ta < 25°c 

DERATING FACTOR 

Ta = 70°c 

Ta = 125°C 

POWER RATING 

ABOVE Ta = 25°C 

POWER RATING 

POWER RATING 

D 

725 mW 

5.8 mW/°C 

464 mW 

145 mW 

PW 

700 mW 

5.6 mW/°C 

448 mW 

140 mW 


recommended operating conditions 


r 1 

MIN 

MAX 

UNIT 


wm 

5.5 

V 

Input voltage, V] at EN | 

0 

5.5 

V 


TPS2010 

0 

0.2 

'Hm 

Continuous output current, Iq 

TPS2011 

0 

0.6 


TPS2012 

0 

1 



TPS2013 

0 

1.5 

llllll 

Operating virtual junction temperature, Tj 

-40 

125 

°c 
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TPS2010, TPS2011, TPS2012, TPS2013, TPS2010Y 
POWER-DISTRIBUTION SWITCHES 


SLVS097A- DECEMBER 1994 - REVISED AUGUST 1995 


electrical characteristics over recommended operating junction temperature range, V|(|m) = 5.5 V, 
Iq = rated current, EN = 0 V (unless otherwise noted) 


power switch 


PARAMETER 

TEST CONDITIONSt 

TPS2010, TPS2011 
TPS2012,TPS2013 

UNIT 


On-state resistance 

V|(|N) = 5.5V, Tj = 26°C 

75 95 

mQ 

V|(|N) = 4.5V, Tj = 25'>C 

80 110 

V|(IN) = 3V. Tj = 25°C 

120 175 

V,(|N) = 2.7V, Tj = 25°C 

140 215 

Output leakage current 

EN = V,(,n) 

Tj = 25°C 

0.001 1 

pA 

-40°C<Tj<125°C 

10 

V Output rise time 

V|(in) = 5.5V, Tj = 25°C. Cl=1pF 

4 

ms 

V|(|N) = 2.7V, Tj = 25‘'C, Cl=1hF 

3.8 

tf Output fall time 

V|(|N) = 5.5V, Tj = 25°C. Cl = 1 pF 

3.9 

ms 

V|(|N) = 2.7 V, Tj = 25°C. Cl = 1 nF 

3.5 


t Pulse-testing techniques maintain junction temperature close to ambient temperature; thermal effects must be taken Into account separately. 


enable input (EN) 


PARAMETER 

TEST CONDITIONS 

TPS2010, TPS2011 
TPS2012, TPS2013 

UNIT 

||Q||2|[|Q23IIIIIQ|^ 

High-level input voltage 

2.7 V<V|(|N)<5.5 V 

2 

Hfli 

Low-level input voltage 

4.5 V<V,(,N)< 5.5 V 

0.8 


2.7 V<V|(|N)< 4.5 V 

0.4 

Input current 

EN = 0VorEN = V|(|N) 

-0.5 0.5 

pA 

tpLH Propagation (delay) time, low-to-high-level output 

CL=1pF 

20 

ms 

tpHL Propagation (delay) time, high-to-low-level output 

CL=1pF 

40 


current limit 


PARAMETER 

TEST CONDITIONSt 

TPS2010,TPS2011 

TPS2012,TPS2013 

UNIT 

MIN TYP MAX 

Short-circuit current 

Tj = 25°C, 

V,(,n) = 5.5V. 

OUT connected to GND, device 
enabled into short circuit 

TPS2010 

0.22 0.4 0.6 

■ 

TPS2011 

0.66 1.2 1.8 

TPS2012 

1.1 2 3 

TPS2013 

1.65 2.6 4.5 


t Pulse-testing techniques maintain junction temperature close to ambient temperature; thermal effects must be taken Into account separately. 


supply current 


PARAMETER 

TEST CONDITIONS 

TPS2010, TPS2011 
TPS2012, TPS2013 

UNIT 


Supply current, low-level output 

EN = V,(,n) 

Tj = 25'’C 

0.015 1 

pA 

-40°C < Tj < 125°C 

10 

Supply current, high-level output 

> 

o 

II 

IS 

Tj = 25°C 

73 100 

pA 

-40°C<Tj<125°C 

100 
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TPS2010, TPS2011, TPS2012, TPS2013, TPS2010Y 
POWER-DISTRIBUTION SWITCHES 


SLVS097 - DECEMBER 1994 - REVISED AUGUST 1995 

electrical characteristics over recommended operating junction temperature range, V|(||sj) s 5.5 V, 
Iq = rated current, EN = 0 V, Tj = 25°C (unless otherwise noted) 


power switch 


PARAMETER 

TEST CONDITIONSt 

TPS2010Y, TPS2011Y 
TPS2012Y, TPS2013Y 

UNIT 



MIN TYP MAX 



Vj(iN) = 5.5 V, 

75 


On-state resistance 

V|(IN) = 4.5 V, 

80 


V|(IN) = 3V, 

120 



V|(|n) = 2,7V, 

140 


Output leakage current 

^ = V,(,N) 

0.001 

pA 

Output rise time 

V|(|N) = 5.5V, Cl=1pF 

4 

ms 

V,(,n) = 2.7V. Cl = 1pF 

3.8 

Output fall time 

V,(,n) = 5.5V, Cl=1pF 

3.9 

ms 

V,(,n) = 2.7V, Cl=1pF 

3.5 


t Pulse-testing techniques maintain junction temperature close to ambient temperature; thermal effects must be taken into account separately. 


current limit 


PARAMETER 

TEST CONDITIONSt 

TPS2010Y, TPS2011Y 
TPS2012Y, TPS2013Y 

UNIT 



MIN TYP MAX 


Short-circuit current 

V|(iN) = 5.5 V, 

OUT connected to GND, 

0.4 

A 


Device enabled into short circuit 




t Pulse-testing techniques maintain junction temperature close to ambient temperature; thermal effects must be taken into account separately. 


supply current 
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TPS2010, TPS2011, TPS2012, TPS2013, TPS2010Y 
POWER-DISTRIBUTION SWITCHES 

SLVS097A- DECEMBER 1994 - REVISED AUGUST 1995 


PARAMETER MEASUREMENT INFORMATION 
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Figure 1. Propagation Deiay and 
Rise Time With 1-|iF Load, = 5.5 V 


Figure 2. Propagation Deiay and 
Faii Time With 1-|iF Load, V|(|n) = 5.5 V 
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Figure 3. Propagation Deiay and 
Rise Time With Load, V|(|N) = 2.7 V 


Figure 4. Propagation Deiay and 
Faii Time With 1-^F Load, V|(|n) = 2.7 V 
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TPS2010, TPS2011, TPS2012, TPS2013, TPS2010Y 
POWER-DISTRIBUTION SWITCHES 


SLVS097 - DECEMBER 1994 - REVISED AUGUST 1995 


PARAMETER MEASUREMENT INFORMATION 
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Figure 5. TPS2010, Short-Circuit Current. 
Short is Appiied to Enabled Device, = 5.5 V 
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Figure 6. TPS2011, Short-Circuit Current. 
Short is Applied to Enabled Device, V|(||s|) = 5.5 V 
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Figure 7. TPS2012, Short-Circuit Current. 
Short is Applied to Enabled Device, V|(||s|) = 5.5 V 


t - Time - ms 

Figure 8. TPS2013 - Short-Circuit Current. 
Short is Applied to Enabled Device, V|(|m) = 5.5 V 
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TPS2010, TPS2011, TPS2012, TPS2013, TPS2010Y 
POWER-DISTRIBUTION SWITCHES 


SLVS097A- DECEMBER 1994 - REVISED AUGUST 1995 


PARAMETER MEASUREMENT INFORMATION 
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Figure 9. TPS2010 - Threshold Current, 
V|(|n) = 5.5 V 


> 

I 

<u 

O) 

B 


3 

a 


O 

> 


< 

I 

c 

£ 

h. 

3 

o 

3 

CL 

3 

o 



t - Time - ms 

Figure 11. TPS2012 - Threshold Current, 
V|(|n) = 5.5V 
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Figure 10. TPS2011 - Threshold Current, 
V|(|n) = 5.5V 
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Figure 12. TPS2013 - Threshold Current, 
V|(|N) = 5.5V 
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TPS2010, TPS2011, TPS2012, TPS2013, TPS2010Y 
POWER-DISTRIBUTION SWITCHES 

$LVS097 - DECEMBER 1994 - REVISED AUGUST 1995_ 


PARAMETER MEASUREMENT INFORMATION 



t - Time - ms 

Figure 13. Turned-On (Enabled) Into Short Circuit, V|(|n) = 5.5 V 
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Figure 14. Test Circuit and Voltage Waveforms 
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TPS2010, TPS2011, TPS2012, TPS2013, TPS2010Y 
POWER-DISTRIBUTION SWITCHES 
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TYPICAL CHARACTERISTICS 


TURN-ON DELAY TIME 
vs 

INPUT VOLTAGE 


Tj = 25°C 
Rl = 50 n 
Cl = 1mF 


TURN-OFF DELAY TIME 
vs 

INPUT VOLTAGE 


Tj = 
Rl = 
Cl = 

— 

25°C 

50 Q 
1^lF 











/ 






/ 







V| - Input Voltage - V 

Figure 15 

RISE TIME 
vs 

OUTPUT CURRENT 


V| - Input Voltage - V 

Figure 16 

FALL TIME 
vs 

OUTPUT CURRENT 


Tj = 25°C 




Cl = 1 ^iF 

_^_ 















V| 

= 5.5 V 










^***** u !*^0 -7 \/ _ 


A 


•1 ” 



/ 






0.6 0.9 1.2 

Iq “ Output Current - A 

Figure 17 


0.6 0.9 1.2 

Iq - Output Current - A 

Figure 18 
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TPS2010, TP82011, TPS2012, TPS2013, TPS2010Y 
POWER-DISTRIBUTION SWITCHES 
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TYPICAL CHARACTERISTICS 


SUPPLY CURRENT (OUTPUT ENABLED) 


vs 



-50 -25 0 25 50 75 100 125 

Tj - Junction Temperature - °C 

Figure 19 


SUPPLY CURRENT (OUTPUT ENABLED) 
vs 

INPUT VOLTAGE 



V| - Input Voltage - V 


SUPPLY CURRENT (OUTPUT DISABLED) 


vs 



-50 -25 0 25 50 75 100 125 

Tj - Junction Temperature - °C 


Figure 20 


SUPPLY CURRENT (OUTPUT DISABLED) 
vs 



2.5 3 3.5 4 4.5 5 5.5 

V| - Input Voltage - V 


Figure 21 


Figure 22 
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TYPICAL CHARACTERISTICS 


ON-STATE RESISTANCE 
vs 

JUNCTION TEMPERATURE 



Figure 23 

INPUT VOLTAGE TO OUTPUT VOLTAGE 
vs 



2.5 3 3.5 4 4.5 5 5.5 

V| - Input Voltage - V 

Figure 25 
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TPS2010, TPS2011, TPS2012, TPS2013, TPS2010Y 
POWER-DISTRIBUTION SWITCHES 
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TYPICAL CHARACTERISTICS 


THRESHOLD TRIP CURRENT 


vs 



2.5 3 3.5 4 4.5 5 5.5 

V| - Input Voltage -- V 

Figure 27 
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SHORT-CIRCUIT CURRENT 


vs 
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Tj - Junction Temperature - °C 


Figure 28 
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TPS2010, TPS2011, TPS2012, TPS2013, TPS2010Y 
POWER-DISTRIBUTION SWITCHES 


SLVS097A- DECEMBER 1994 - REVISED AUGUST 1995 

APPLICATION INFORMATION 



Figure 29. Typical Application 


power supply considerations 

The TPS201X family has multiple inputs and outputs, which must be connected in parallel to minimize voltage 
drop and prevent unnecessary power dissipation. 

A 0.047-|xF to 0.1-pF ceramic bypass capacitor between IN and GND, close to the device, is recommended. 
A high-value electrolytic capacitor is also desirable when the output load is heavy or has large paralleled 
capacitors. Bypassing the output with a 0.1-pF ceramic capacitor improves the Immunity of the device to 
electrostatic discharge (ESD). 

overcurrent 

A sense FET Is employed to check for overcurrent conditions. Unlike sense resistors and polyfuses, sense FETs 
do not increase series resistance to the current path. When an overcurrent condition is detected, the device 
maintains a constant output current and reduces the output voltage accordingly. Shutdown only occurs If the 
fault Is present long enough to activate thermal limiting. 

Three possible overload conditions can occur. In the first condition, the output has been shorted before the 
device Is enabled or before V|(|n) has been applied (see Figure 30). The TPS201x senses the short and 
immediately switches into a constant-current output. 

Under the second condition, the short occurs while the device Is enabled. At the instant the short occurs, very 
high currents flow for a short time before the current-limit circuit can react (see Figures 5,6,7, and 8). After the 
current-limit circuit has tripped, the device limits normally. 

Under the third condition, the load has been gradually Increased beyond the recommended operating current. 
The current is permitted to rise until the current-limit threshold Is reached (see Figures 9,10,11, and 12). The 
TPS201X family is capable of delivering currents up to the current-limit threshold without damage. Once the 
threshold has been reached, the device switches into its constant-current mode. 
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TPS2010, TPS2011, TPS2012, TPS2013, TPS2010Y 
POWER-DISTRIBUTION SWITCHES 

SLVS097 - DECEMBER 1994 - REVISED AUGUST 1995 


APPLICATION INFORMATION 


overcurrent (continued) 



ri I I >■ I I u I I I I n I I I I I I I I I iTi I I I I I I I I I IJ I I I I n I I 111 |1 

01 2345678 9 10 


t - Time - ms 

Figure 30. Turned-On (Enabled) Into Short Circuit, V|(||vi) = 5.5 V 


power dissipation and junction temperature 


The low on resistance of the N-channel MOSFET allows small surface-mount packages, such as SOIC or 
TSSOP to pass large currents. The thermal resistances of these packages are high compared to that of power 
packages; it is good design practice to check power dissipation and junction temperature. The first step is to 
find Ton at the input voltage and operating temperature. As an initial estimate, use the highest operating ambient 
temperature of interest and read ron from Figure 23. Next calculate the power dissipation using: 




X K 


Finally, calculate the junction temperature: 




Where: 


Ta = Ambient temperature 

RejA = Thermal resistance SOIC = 172X/W, TSSOP = 179°C/W 

Compare the calculated junction temperature with the initial estimate. If they do not agree within a few degrees, 
repeat the calculation using the calculated value as the new estimate. Two or three iterations are generally 
sufficient to get a reasonable answer. 
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POWER-DISTRIBUTION SWITCHES 


SLVS097A- DECEMBER 1994 ~ REVISED AUGUST 1995 

APPLICATION INFORMATION 


thermal protection 

Thermal protection Is provided to prevent damage to the 1C when heavy-overload or short-circuit faults are 
present for extended periods of time. The faults force the TPS201 x into its constant current mode, which causes 
the voltage across the high-side switch to Increase; under short-circuit conditions, the voltage across the switch 
is equal to the input voltage. The increased dissipation causes the junction temperature to rise to dangerously 
high levels. The protection circuit senses the junction temperature of the switch and shuts it off. The switch 
remains off until the junction has dropped approximately 20''C. The switch continues to cycle in this manner until 
the load fault or input power is removed. 

ESD protection 

All TPS201X terminals incorporate ESD-protection circuitry designed to withstand a 6-kV human-body-model 
discharge as defined In MIL-STD-883C. Additionally, the output is protected from discharges up to 12 kV. 
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TPS2201, TPS2201Y 
DUAL-SLOT PC CARD POWER-INTERFACE SWITCHES 
FOR PARALLEL PCMCIA CONTROLLERS 

SLVS094B - AUGUST 1994 - REVISED AUGUST 1995 


I • Fully Integrated Vcc and Vpp Switching for 
I Dual-Siot PC Card Interface 

I • Compatible With Controllers From Cirrus, 

I Intel, and Texas Instruments 

I • Meets PCMCIA Standards 

• Internal Charge Pump (No External 
Capacitors Required) - 12-V Supply Can Be 
Disabled Except for Programming 

• Short Circuit and Thermal Protection 

• Space Saving SSOP (DB) Package 

• Compatibie With 3.3-V, 5-V and 12-V PC 
Cards 

• Power Saving Iqd = 83 ^lA Typ, Iq = 1 |xA 

• Low rDS(on)088“nin Vcc Switch) 

• Break-Before-Make Switching 

description 


DB OR DF PACKAGE 
(TOP VIEW) 

5V CZZ 10 30 ZU 5V 

5v nn 2 29 m b_vpp_pgm 

A_VPP_PGM [zn 3 28 ZU B_VPP_VCC 

A_VPP_VCC zzrz 4 27 HZ B_VCC5 

A_VCC5 CJZZ 5 26 in B_VCC3 

A_VCC3 I I,,.. 6 25 I. ] Vqq 

12V 111 7 24 m 12V 

AVPP az 8 23 m BVPP 

Avcc cie: 9 22 m bvcc 

Avcc Ezz 10 21 zznn bvcc 

AVCC cie: 11 20 m bvcc 

GND CUE 12 19 m BPWR_GOOD 

APWR_GOOD EH 13 18 in OC 

SHDN cm 14 17 m 3V 

3V EH 15 16 m 3V 


The TPS2201 PC Card (PCMCIA) power interface switch provides an integrated power-management solution 
for two PC Cards. All of the discrete power MOSFETs, a logic section, current limiting, thermal protection, and 
power-good reporting for PC Card control are combined on a single integrated circuit (1C), using Texas 
Instruments LinBiCMOS™ process. The circuit allows the distribution of 3-V, 5-V and/or 12-V card power and 
is compatible with most PCMCIA controllers. The current-limiting feature eliminates the need for fuses, which 
reduces component count and improves reliability; current-limit reporting can help the user Isolate a system fault 
to a bad card. 


The TPS2201 maximizes battery life by generating its own switch-drive voltage using an internal charge pump. 
Therefore, the 12-V supply can be powered down and only brought out of standby when flash memory needs 
to be written to or erased. End equipment for the TPS2201 includes notebook computers, desktop computers, 
personal digital assistants (PDAs), digital cameras, handiterminals, and bar-code scanners. 


typical PC card power distribution application 

VpD 

Power Supply i ' 



LinBiCMOS is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of ali parameters. 
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AVAILABLE OPTIONS 


Tj 

1 PACKAGED DEVICES 

CHIP FORM 
(Y) 

SHINK SMALL'OUTLINE 
(DB) 

SMALL-OUTLINE 

(DF) 

-40°Cto150X 

TPS2201IDB 

TPS2201IDF 

TPS2201Y 


tThe DF package is only available left-end taped and reeled (Indicated by the LE suffix on the device type; e.g., 
TPS2201IDFLE). 


Terminal Functions 


NAME 


A_VCC3 


A_VCC5 



OC 

18 

vdd 

25 

GND 

12 

3V 

15,16,17 

5V 

1,2,30 

12V 

7, 24 


Logic input that controls voltage on AVCC (see control-logic table) 


Logic input that controls voltage on AVCC (see control-logic table) 


Logic input that controls voltage on AVPP (see control-logic table) 


Logic input that controls voltage on AVPP (see control-logic table) 


Logic-level power-ready output that stays low as long as AVPP is within limits 


Switched output that delivers 0 V, 3.3 V, 5 V, or high impedance 


Switched output that delivers 0 V, 3.3 V, 5 V, 12 V, or high impedance 


Logic Input that controls voltage on BVCC (see control-logic table) 


Logic input that controls voltage on BVCC (see control-logic table) 


Logic Input that controls voltage on BVPP (see control-logic table) 


Logic input that controls voltage on BVPP (see control-logic table) 


Logic-level power-ready output that stays low as long as BVPP is within limits 


Switched output that delivers 0 V, 3.3 V, 5 V, or high impedance 


Switched output that delivers 0 V, 3.3 V, 5 V, 12 V, or high impedance 


Logic input that shuts down the TPS2201 and set ail power outputs to high-impedance state 


Logic-level overcurrent reporting output that goes low when an overcurrent condition exists 


5-V power to chip 


Ground 


3-V Vqq input for card power 


5-V Vqq input for card power 


12-V VPP input for card power 
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TPS2201Y chip information 

This chip, when properly assembled, displays characteristics similar to the TPS2201. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum bonding pads. The chip may be mounted with 
conductive epoxy or a gold-silicon preform. 



Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


6-67 
































TPS2201, TPS2201Y 

DUAL-SLOT PC CARD POWER-INTERFACE SWITCHES 
FOR PARALLEL PCMCIA CONTROLLERS 

SLVS094B - AUGUST 1994 - REVISED AUGUST 1995 


absolute maximum ratings over operating free-air temperature (unless otherwise noted)t 


Supply voltage range, Vqd .... -0-3 V to 7 V 

Input voltage range for card power: V|( 5 V) . -0.3 V to 7 V 

V|(3V) .-0.3 V to V|(5V) 

V|( 12 V) . —0.3 V to 14 V 

Logic input voltage ... -0.3 V to 7 V 

Continuous total power dissipation .. See Dissipation Rating Table 

Output current (each card): lo(xVCC) .. • ■ internally limited 

'o(xVPP) ... internally limited 

Operating virtual junction temperature range, Tj . .. . -40°C to 150°C 

Operating free-air temperature range, ... ..-40°C to 85°C 

Storage temperature range, Tgtg .... -55°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


DISSIPATION RATING TABLE 


PACKAGE 

Ta < 25°C 

DERATING FACTOR* 

Ta = 70°c 

Ta = 85°C 

POWER RATING 

ABOVE Ta = 25°C 

POWER RATING 

POWER RATING 

DB 

1024 mW 

8.2 mW/°C 

655 mW 

532 mW 

DF 

1158 mW 

9.26 mW/°C 

741 mW 

602 mW 


t Maximum values are calculated using a derating factor based on ReJA = 108°C/W for the package. 
These devices are mounted on an FR4 board with no special thermal considerations. 


recommended operating conditions 



MIN MAX 

UNIT 

Supply voltage, Vqd 

4.75 5,25 

V 

Input voltage range, V| 

V|(5V) 

0 5.25 

V 

V|(3V) 

0 V|(5V)t 

V 

V|(12V) 

0 13.5 

V 

Output current, Iq 

lO(xVCC) at 25°C 

1 

A 

lO(xVPP) at 25°C 

150 

mA 

Operating virtual junction temperature, Tj | 

-40 125 

°C 


t V |(3 V) should not be taken above V |(5 yy 
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electrical characteristics, = 25°C, Vqq = 5 V (unless otherwise noted) 
dc characteristics 


PARAMETER 

TEST CONDITIONS 

TPS2201 

UNIT 

MIN TYP MAX 

Switch resistances 

5 V to xVCC 


160 

mQ 

avtoxvcc 


225 

5 V to xVPP 


6 

Q 

3 V to xVPP 


6 

12VtoxVPP 


1 

Clamp low voltage 

Ipp at 10 mA 

0.8 

V 

Clamp low voltage 

Ice 10 mA 

0.8 

V 

Leakage current 

Ipp High-impedance state 

Ta = 25X 

1 10 

pA 

Ta = 85X 

50 

Ice High-impedance state 

Ta = 25X 

1 10 

Ta = 85°C 

50 

Input current 

Idd 

VO(AVCC) = VO(BVCC) = 5 V, 

VO(AVPP) = Vo(BVPP) = 12 V 

83 150 

pA 

in shutdown 

VO(BVCC) = VO(AVCC) = Vo(AVPP) 

= Vo(BVPP) = high Z 

1 

pA 

Power-ready threshold, PWR_GOOD 


10.72 11.05 11.4 

V 

Power-ready hysteresis, PWR_GOOD (12-V mode) 


50 

mV 

Short-circuit output- 
current limit 

«0(xVCC) 

Tj = 85®C, Output shorted to GND 

0.75 1.3 1.9 

A 

•O(xVPP) 

120 200 400 

mA 


logic section 


PARAMETER 

TEST CONDITIONS 

TPS2201 

UNIT 

MIN MAX 

Logic input current 


1 

pA 

Logic input high level 


2.7 

V 

Logic input low level 


0.8 

V 

Logic output high level 

Iq = 1 mA 

VdD-0-4 

V 

Logic output low level 

0.4 

V 


switching characteristicst 


PARAMETER 

TEST CONDITIONS 

TPS2201 

UNIT 

MIN TYP MAX 

tr Output rise time 

VofxVCC) 

1.2 

ms 

Vo(xVPP) 

5 

tf Output fall time 

Vo(xVCC) 

10 

ms 

Vo(xVPP) 

14 

tpd Propagation delay (see Figure 11) 

V|(x_VPP_PGM) 10 Vo(xVPP) 

IBHI 

5.8 

ms 

hoff 

18 

V|(x_VCC3) 10 xvee (3 V) 

ISH 

5.8 

ms 

hoff 

28 

V|(x_VCC5) 1o xVee (5 V) 

dSili 

4 

ms 

hoff 

30 


t Refer to Parameter Measurement Information 
t Rise and fall times are with Cl = 100 |xF. 
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electrical characteristics, = 25''C, Vpp = 5 V (unless otherwise noted) (continued) 


dc characteristics 


PARAMETER 

TEST CONDITIONS 

TPS2201Y 

UNIT 

MIN TYP MAX 

Leakage current 

Ipp High-impedance state 


1 

pA 

IqC High-impedance state 


1 

Input current 

•dd 

VO(AVCC) = VO(BVCC) = 5 V, 

VO(AVPP) = VO(BVPP) = 12 V 

83 

pA 

Power-ready threshold, PWR_GOOD 


11.05 

V 

Power-ready hysteresis, PWR_GOOD (12-V mode) 


50 

mV 


switching characteristicst 


PARAMETER 

TEST CONDITIONS 

TPS2201Y 

UNIT 

MIN TYP MAX 


Output rise time 

Vo(xVCC) 

1.2 

ms 


Vo(xVPP) 

5 

n 

Output fall time 

Vo(xVCC) 

10 


ii 

VO(xVPP) 

14 




V|(x_VPP_PGM) to Vo(xVPP) 

miH 

5.8 

ms 



toff 

18 

tpd 

Propagation delay (see Figure 1 


ISIIIil 

5.8 

ms 

V|(x_VCC3) to xVCC 

toff 

28 



V|(x_VCC5) to xVCC 

ESflll 

4 

ms 



toff 

30 


t Refer to Parameter Measurement information 
t Rise and fall times are with Cl = 100 ^iF. 
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PARAMETER MEASUREMENT INFORMATION 


Vpp 


Vcc - f 


Cl 



LOAD CIRCUIT 


LOAD CIRCUIT 


''X_VPP_PGM 

*on 

Vo(xVPP) 


7^50% \ 50% 

- f\ IN- 




r 

N—►!—toff 


^ 90% 


10% 


Vdd 

GND 

V|(12V) 

GND 


Vx VCCx 


L 




ton —-H ^ 

Vo(xVCC) ^ 90/o 


toff 


10% 


Vdd 

GND 


V|(5V) 

GND 


VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 

Figure 1. Test Circuits and Voltage Waveforms 


Table of Timing Diagrams 



FIGURE 

xVCC Propagation Delay and Rise Times With l-pF Load, 3-V Switch 

2 

xVCC Propagation Delay and Fall Times With l-pF Load, 3-V Switch 

3 

xVCC Propagation Delay and Rise Times With 100-pF Load^ 3-V Switch 

4 

xVCC Propagation Delay and Fall Times With 100-pF Load, 3-V Switch 

5 

xVCC Propagation Delay and Rise Times With 1-pF Load, 5-V Switch 

6 

xVCC Propagation Delay and Fall Times With 1-pF Load, 5-V Switch 

7 

xVCC Propagation Delay and Rise Times With lOO-pF Load, 5-V Switch 

8 

xVCC Propagation Delay and Fall Times With 100-|iF Load, 5-V Switch 

9 

xVPP Propagation Delay and Rise Times With 1-pF Load, 12-V Switch 

10 

xVPP Propagation Delay and Fall Times With l-pF Load, 12-V Switch 

11 

xVPP Propagation Delay and Rise Times With 100-pF Load, 12-V Switch 

12 

xVPP Propagation Delay and Fall Times With 100-|xF Load, 12-V Switch 

13 
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PARAMETER MEASUREMENT INFORMATION 
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Figure 2. xVCC Propagation Deiay and 
Rise Times With 1-jiF Load, 3-V Switch 
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Figure 4. xVCC Propagation Deiay and 
Rise Times With 100 -|liF Load, 3-V Switch 
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Figure 3. xVCC Propagation Delay and 
Fall Times With 1-|liF Load, 3-V Switch 
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Figure 5. xVCC Propagation Delay and 
Fall Times With 100-^lF Load, 3-V Switch 
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PARAMETER MEASUREMENT INFORMATION 
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Figure 6. xVCC Propagation Delay and 
Rise Times With l-juF Load, 5-V Switch 
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Figure 8. xVCC Propagation Delay and 
Rise Times With 100-|iF Load, 5-V Switch 
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Figure 7. xVCC Propagation Delay and 
Fall Times With 1-|iF Load, 5-V Switch 
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Figure 9. xVCC Propagation Delay and 
Fall Times With 100-|liF Load, 5-V Switch 
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PARAMETER MEASUREMENT INFORMATION 
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Figure 10. xVPP Propagation Delay and 
Rise Times With 1-^F Load, 12-V Switch 
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Figure 11. xVPP Propagation Delay and 
Fall Times With 1-fiF Load, 12-V Switch 
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Figure 12. xVPP Propagation Delay and 
Rise Times With lOO-^iF Load, 12-V Switch 
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Figure 13. xVPP Propagation Delay and 
Fall Times With 100-^F Load, 12-V Switch 
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TYPICAL CHARACTERISTICSt 
Table of Graphs 


I .... 

FIGURE 

«DD 

Supply current 

vs Junction temperature 

14 

''DS(on) 

Static drain-source on-state resistance, 3-V switch 

vs Junction temperature 

15 

''DS(on) 

Static drain-source on-state resistance, 5-V switch 

vs Junction temperature 

16 

''DS(on) 

Static drain-source on-state resistance, 12-V switch 

vs Junction temperature 

17 

Vo(xVCC) 

Output voltage, 5-V switch 

vs Output current 

18 

Vo(xVCC) 

Output voltage, 3-V switch 

vs Output current 

19 

xVpp 

Output voltage, Vpp switch 

vs Output current 

20 

•SC(xVCC) 

Short-circuit current, 5-V switch 

vs Junction temperature 

21 

ISC(xVPP) 

Short-circuit current, 12-V switch 

vs Junction temperature 

22 


SUPPLY CURRENT 


vs 



-50 0 50 100 150 


Tj - Junction Temperature - °C 

Figure 14 


11 = pulse tested 
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TYPICAL CHARACTERISTICSt 


3-V SWITCH 

STATIC DRAIN-SOURCE ON-STATE RESISTANCE 
vs 



-50 -25 0 25 50 75 100 

Tj - Junction Temperature -- °C 

Figure 15 
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12-V SWITCH 

STATIC DRAIN-SOURCE ON-STATE RESISTANCE 
vs 



Tj - Junction Temperature - °C 
Figure 17 


5-V SWITCH 
OUTPUT VOLTAGE 
vs 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

•O(xVCC) ■” Output Current - A 

Figure 18 


11 = pulse tested 
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TYPICAL CHARACTERISTICSt 


3-V SWITCH 
OUTPUT VOLTAGE 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

•O(xVCC) ” Output Current - A 

Figure 19 


5-V SWITCH 

SHORT-CIRCUIT CURRENT 


vs 



-50 0 50 100 150 

Tj - Junction Temperature - °C 


Figure 21 


Vpp SWITCH 
OUTPUT VOLTAGE 


vs 



0 0.02 0.04 0.06 0.08 0.1 0.12 

•O(xVPP) ” Output Current - A 

Figure 20 

12-V SWITCH 

SHORT-CIRCUIT CURRENT 


vs 



-50 0 50 100 150 

Tj - Junction Temperature - °C 

Figure 22 


11 = pulse tested 
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APPLICATION INFORMATION 


overview 

PC Cards were initially introduced as a means to add EEPROM (flash memory) to portable computers with 
limited on-board memory. The idea of add-in cards quickly took hold; modems, wireless LANs, GPS systems, 
multimedia, and hard-disk versions were soon available. As the number of PC Card applications grew, the 
engineering community quickly recognized the need for a standard to ensure compatibility across platforms. 
To this end, the PCMCIA (Personal Computer Memory Card International Association) was established and was 
comprised of members from leading computer, software, PC card, and semiconductor manufacturers. One key 
goal was to realize the concept of plug and play - cards and hosts from different vendors should be compatible 
and able to communicate with one another transparently. 

PC Card power specification 

System compatibility also means power compatibility. The most current set of specifications (PC Card Standard) 
set forth by the PCMCIA committee states that power Is to be transferred between the host and the card through 
eight of the PC Card connector’s 68 pins. This power interface consists of two Vqq, two Vpp, and four ground 
pins. Multiple Vqq and ground pins are used to minimize connector-pin and line resistance. The two Vpp pins 
were originally specified as separate signals but are commonly tied together in the host to form a single node 
to minimize voltage losses. Card primary power Is supplied through the Vqq pins; flash-memory programming 
and erase voltage is supplied through the Vpp pins. As each pin is rated to 0.5 A, Vqq and Vpp can theoretically 
supply up to 1 A, assuming equal pin resistance and no pin failure. A conservative design would limit current 
to 500 mA. Some applications, however, require higher Vqq currents; disk drives, for example, may need as 
much as 750-mA peak current to create the Initial torque necessary to spin up the platter. Vpp currents, on the 
other hand, are defined by flash-memory programming requirements, typically under 120 mA. 

future power trends 

The 1 -A physical-pin current alluded to in the PC Card specification has caused some host-system engineers 
to believe they are required to deliver 1 A within the voltage tolerance of the card. Future applications, such as 
RF cards, could use the extra power for their radio transmitters. The 5 W required for these cards will require 
very robust power supplies and special cooling considerations. The limited number of host sockets that will be 
able to support them makes the market for these high-powered PC Cards uncertain. The vast majority of the 
cards require less than 600 mA continuous current and the trend is towards even lower-powered PC Cards that 
will assure compatibility with a greater number of host systems. Recognizing the need for power derating, an 
adhoc committee of the PCMCIA is currently working to limit the amount of steady-state dc current to the 
PC Card to something less than the currently implied 1 A. If a system is designed to support 1 A, then the switch 
•'DS(on)> power supply requirements, and PC Card cooling need to be carefully considered. 

designing around 1-A deiivery 

Delivering 1 A means minimizing voltage (and power) losses across the PC Card power interface, which 
requires that designers trade off switch resistance and the cost associated with large-die (low rDS(on)) MOSFET 
transistors. The PC Card standard requires that 5 V ±5%, or 3.3 V ±0.3 V be supplied to the card. The 
approximate 10% tolerance for the 3.3-V supply makes the 3.3-V rDS(on) •oss critical than the 5-V switch. A 
conservative approach is to allow 2% for voltage-regulator tolerance and 1 % for etch- and terminal-resistance 
drops, which leaves 2% (100 mV) voltage drop for the 5-V switch, and at least 6% (198 mV) for the 3.3-V switch. 

Calculating the rDS(on) necessary to support a 100 mV or 198 mV switch loss, using R = E/I and setting I = 1 A, 
the 5-V and 3.3-V switches would need to be 100 mQ and 198 ml2 respectively. One solution would be to pay 
for a more expensive switch with lower rQS(on)- A second, less expensive approach is to increase the headroom 
of the power supply-for example, to increase the 5-V supply 1.5% or to 5.075 ±2%. Working through the 
numbers once more, the 2% for the regulator plus 1 % for etch and terminal losses leaves 97% or 4.923 V. The 
allowable 
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APPLICATION INFORMATION 

designing around 1-A delivery (continued) 

voltage loss across the power distribution switch is now 4.923 V minus 4.750 V or 173 mV. Therefore, a switch 
with 173 mO. or less could deliver 1 A or greater. Setting the power supply high is a common practice for 
delivering voltages to allow for system switch, connector, and etch losses and has a minimal effect on overall 
battery life. In the example above, setting the power supply 1.5% high would only decrease a 3-hour battery life 
by approximately 2.7 minutes, trivial when compared with the decrease In battery life when running a 5-W PC 
Card. 

heat dissipation 

A greater concern in delivering 1 A or 5 W Is the ability of the host to dissipate the heat generated by the PC 
Card. For desktop computers the solution is simpler: locate the PC Card cage such that it receives convection 
cooling from the forced air of the fan. Notebooks and other handheld equipment will not be able to rely on 
convection, but must rely on conduction of heat away from the PC Card through the rails into the card cage. This 
is difficult because PC Card/card cage heat transfer is very poor. A typical design scenario would require the 
PC Card to be held at 60°C maximum with the host platform operating as high as 50°C. Preliminary testing 
reveals that a PC Card can have a 20°C rise, exceeding the 10°C differential in the example, when dissipating 
less than 2 W of continuous power. The 60°C temperature was chosen because it Is the maximum operating 
temperature allowable by PC Card specification. Power handling requirements and temperature rises are topics 
of concern and are currently being addressed by the PCMCIA committee. 

overcurrent and over-temperature protection 

PC Cards are Inherently subject to damage that can result from mishandling. Host systems require protection 
against short-circuited cards that could lead to power supply or PCB-trace damage. Even systems sufficiently 
robust to withstand a short circuit would still undergo rapid battery discharge into the damaged PC Card, 
resulting in the rather sudden and unacceptable loss of system power. This can be particularly frustrating to the 
consumer who has already experienced problems with shortened battery life due to improper NIcad conditioning 
or memory effect. Most hosts include fuses for protection. The reliability of fused systems Is poor, though, as 
blown fuses require troubleshooting and repair, usually by the manufacturer. The TPS2201 takes a two-pronged 
approach to overcurrent protection. First, instead of fuses, sense FETs monitor each of the power outputs. 
Excessive current generates an error signal that linearly limits the output current, preventing host damage or 
failure. Sense FETs, unlike sense resistors or polyfuses, have the added advantage that they do not add to the 
series resistance of the switch and thus produce no additional voltage losses. Second, when an overcurrent 
condition Is detected, the TPS2201 asserts a signal at OC that can be monitored by the microprocessor to initiate 
diagnostics and/or send the user a warning message. In the event that an overcurrent condition persists, 
causing the 1C to exceed its maximum junction temperature, thermal-protection circuitry engages, shutting 
down all power outputs until the device cools to within a safe operating region. 

12-V supply not required 

Most PC Card switches use the externally supplied 12-V Vpp power for switch-gate drive and other chip 
functions, requiring that it be present at all times. The TPS2201 offers considerable power savings by using an 
internal charge pump to generate the required higher voltages from the 5-V Vdq supply; therefore, the external 
12-V supply can be disabled except when needed for flash-memory functions, thereby extending battery 
lifetime. Additional power savings are realized by the TPS2201 during a software shutdown, in which quiescent 
current drops to a maximum of 1 pA. 

voltage transitioning requirement 

PC Cards, like portables, are migrating from 5 V to 3.3 V to minimize power consumption, optimize board space, 
and Increase logic speeds. The TPS2201 is designed to meet all combinations of power delivery as currently 
defined In the PCMCIA standard. The latest protocol accommodates mixed 3.3-V/5-V systems by first powering 
the card with 5 V, then polling it to determine Its 3.3-V compatibility. The PCMCIA specification requires that the 
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APPLICATION INFORMATION 
voltage transitioning requirement (continued) 

capacitors on 3.3-V compatible cards be discharged to below 0.8 V before applying 3.3-V power. This ensures 
that sensitive 3.3-V circuitry is not subjected to any residual 5-V charge and functions as a power reset. The 
TPS2201 offers a selectable Vqc and Vpp ground state, per PCMCIA 3.3-V/5-V switching specifications, to fully 
discharge the card capacitors while switching between Vcc voltages. 

output ground switches 

Several PCMCIA power-distribution switches on the market do not have an active-grounding FET switch. These 
devices do not meet the PC Card specification requiring a discharge of Vqq within 100 ms. PC Card resistance 
can not be relied on to provide a discharge path for voltages stored on PC Card capacitance because of possible 
high-impedance isolation by power-management schemes. A method commonly shown to alleviate this 
problem is to add to the switch output an external 100 kQ resistor in parallel with the PC Card. Considering that 
this is the only discharge path to ground, a timing analysis will reveal that the RC time constant delays the 
required discharge time to over 2 seconds. The only way to ensure timing compatibility with PC Card standards 
is to use a power-distribution switch that has an Internal ground switch, like that of the TPS22xx family, or add 
an external ground FET to each of the output lines with the control logic necessary to select it. 

In summary, the TPS2201 is a complete single-chip dual-slot PC Card power Interface. It meets all currently 
defined PCMCIA specifications for power delivery In 5-V, 3.3-V, and mixed systems, and offers a serial controller 
interface. The TPS2201 offers functionality, power savings, overcurrent and thermal protection, and fault 
reporting in one 30-pin SSOP surface-mount package for maximum value added to new portable designs. 

power supply considerations 

The TPS2201 has multiple terminals for each of its 3.3 V, 5 V, and 12V power inputs and for the switched Vqq 
outputs. Any individual terminal can conduct the rated input or output current. Unless all terminals are connected 
In parallel, the series resistance is significantly higher than that specified, resulting in Increased voltage drops 
and lost power. Both 12 V inputs must be connected for proper Vpp switching; it is recommended that all Input 
and output power terminals be paralleled for optimum operation. The Vqq Input lead must be connected to the 
5V input leads. 

Although the TPS2201 is fairly immune to power Input fluctuations and noise, it is generally considered good 
design practice to bypass power supplies typically with a l-pF electrolytic or tantalum capacitor paralleled by 
a 0.047-pF to 0.1 -pF ceramic capacitor. It is strongly recommended that the switched Vqq and Vpp outputs be 
bypassed with a 0.1-pF or larger capacitor; doing so improves the immunity of the TPS2201 to electrostatic 
discharge (ESD). Care should be taken to minimize the inductance of PCB traces between the TPS2201 and 
the load. High switching currents can produce large negative-voltage transients, which forward biases substrate 
diodes, resulting in unpredictable performance. 

The TPS2201, unlike other PC Card power-interface switches, does not use the 12-V power supply for switching 
or other chip functions. Instead, an Internal charge pump generates the necessary voltage from Vqq, allowing 
the 12-V input supply to be shut down except when the Vpp programming or erase voltage is needed. Careful 
system design making use of this feature reduces power consumption and extends battery lifetime. 

The 3.3-V power input should not be taken higher than the 5-V input. Doing so, though nondestructive, results 
in high current flow into the device, and could result In abnormal operation. In any case, this occurrence indicates 
a malfunction of one input voltage or both, which should be investigated. 

Similarly, no terminal should be taken below -0.3 V; forward biasing the parasitic-substrate diode results in 
substrate currents and unpredictable performance. 
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overcurrent and thermal protection 

The TPS2201 uses sense FETs to check for overcurrent conditions in each of the Vcq and Vpp outputs. Unlike 
sense resistors or polyfuses, these FETs do not add to the series resistance of the switch; therefore, voltage 
and power losses are reduced. Overcurrent sensing is applied to each output separately. When an overcurrent 
condition is detected, only the power output affected is limited; all other power outputs continue to function 
normally. The OC indicator, normally a logic high, is a logic low when any overcurrent condition is detected, 
providing for Initiation of system diagnostics and/or sending a warning message to the user. 

During power up, the TPS2201 controls the rise time of the Vqq and Vpp outputs and limits the current into a 
faulty card or connector. If a short circuit is applied after power is established (e.g., hot insertion of a bad card), 
current is initially limited only by the impedance between the short and the power supply. In extreme cases, as 
much as 10 A to 15 A may flow into the short before the current limiting of the TPS2201 engages. If the Vqq 
or Vpp outputs are driven below ground, the TPS2201 may latch nondestructively in an off state. Cycling power 
will reestablish normal operation. 

Overcurrent limiting for the Vqq outputs is designed to engage If powered up into a short In the range of 
0.75 A to 1.9 A, typically at about 1.3 A; the Vpp outputs limit from 120 mA to 400 mA, typically around 200 mA. 
The protection circuitry acts by linearly limiting the current passing through the switch, rather than Initiating a 
full shutdown of the supply. Shutdown occurs only during thermal limiting. 

Thermal limiting presents destructfo of thelC from overheating when the package power-dissipation ratings 
are exceeded. Thermal limiting, disables all power outputs (both A and B slots) until the device has cooled. 

calculating junction temperature 

The switch resistance, rDS(on)>'s dependent on the junction temperature, Tj, of the die. The junction temperature 
is dependent on both rQS(on) current through the switch. To calculate Tj, first find rDS(on) Figures 

16, 17, and 18 using an initial temperature estimate about 50°C above ambient. Then calculate the power 
dissipation for each switch, using the formula: 

P — r *1^ 

~ '^DS(on) ' 

Next, sum the power dissipation and calculate the junction temperature: 

Tj = (2Pd-R0ja) + Ta. RejA = 108°C/W 

Compare the calculated junction temperature with the Initial temperature estimate. If they are not within a few 
degrees of each other, reiterate using the calculated temperature as the initial estimate. 

logic input and outputs 

The TPS2201 was designed to be compatible with most popular PCMCIA controllers and current PCMCIA and 
JEIDA standards. However, some controllers r equire slightly counterintuitive con nections t o achieve desired 
output states. The TPS2201 control logic inputs A_VCC3, A_VCC5, B_VCC3 and B_VCC5 are defined active 
low (see Figure 23 and control-logic table). As such, they are directly compatible with the Cirrus Logic 
CL-PD6720 controller’s logic outputs (see Figure 24). The TPS2201 separate Vpp power good indicators can 
be ORed together to provide a single input to the Cirrus controller. 
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Figure 23. Internal Switching Matrix 
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TPS2201 control logic 
AVPP 


1 CONTROL SIGNALS 

I INTERNAL SWITCH SETTINGS 

OUTPUT 

SHDN 

A_VPP_PGM 

A_VPP_VCC 

S7 

S8 

S9 

VAVPP 

1 

0 

0 

CLOSED 

OPEN 

OPEN 

0 V 

1 

0 

1 

OPEN 

CLOSED 

OPEN 

vcct 

1 

1 

0 

OPEN 

OPEN 

CLOSED 

VPP(12V) 

1 

1 

1 

OPEN 

OPEN 

OPEN 

Hi-Z 

0 

X 

X 

OPEN 

OPEN 

OPEN 

Hi-Z 


BVPP 


CONTROL SIGNALS 

INTERNAL SWITCH SETTINGS 

OUTPUT 

SHDN 

B_VPP_PGM 

B_VPP_VCC 

S10 

S11 

S12 

VBVPP 

1 

0 

0 

CLOSED 

OPEN 

OPEN 

ov 

1 

0 

1 

OPEN 

CLOSED 

OPEN 

vcct 

1 

1 

0 

OPEN 

OPEN 

CLOSED 

VPP(12 V) 

1 

1 

1 

OPEN 

OPEN 

OPEN 

Hi-Z 

0 

X 

X 

OPEN 

OPEN 

OPEN 

Hi-Z 


AVCC 


CONTROL SIGNALS 

INTERNAL SWITCH SETTINGS 

OUTPUT 

SHDN 

A_VCC3 

A_VCC5 

S1 

S2 

S3 

VAVCC 

1 

0 

0 

CLOSED 

OPEN 

OPEN 

OV 

1 

0 

1 

OPEN 

CLOSED 

OPEN 

3V 

1 

1 

0 

OPEN 

OPEN 

CLOSED 

5 V 

1 

1 

1 

CLOSED 

OPEN 

OPEN 

0 V 

0 

X 

X 

OPEN 

OPEN 

OPEN 

Hi-Z 


BVCC 


CONTROL SIGNALS 

INTERNAL SWITCH SETTINGS 

OUTPUT 

SHDN 

B_VCC3 

B_VCC5 

S4 

S5 

S6 

VBVCC 

1 

0 

0 

CLOSED 

OPEN 

OPEN 

0 V 

1 

0 

1 

OPEN 

CLOSED 

OPEN 

3V 

1 

1 

0 

OPEN 

OPEN 

CLOSED 

5 V 

1 

1 

1 

CLOSED 

OPEN 

OPEN 

OV 

0 

X 

X 

OPEN 

OPEN 

OPEN 

Hi-Z 


t Output depends on AVCC 
t Output depends on BVCC 
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logic input and outputs (continued) 


TPS2201 


Cirrus Logic 



CL-PD6720 

A_VPP_PGM 

-^- 

A_Vpp_PGM 

A_VPP_VCC 

-- 4 - 

A-Vpp_VCC 

A_VCC3 

-^- 

A_Vcc_3 

A_VCC5 

-^- 

A_VcC_5 

B_VPP_PGM 

-^- 

B_Vpp_PGM 

B_VPP_VCC 

-^- 

B_Vpp_VCC 

B_VCC3 

- ^^^^- 

B_Vcc_3 

B_VCC5 

-^- 

B_VcC_5 

APWR_GOOD 

BPWR_GOOD 

O- — 

Vpp_Valid 

OC 

—► To CPU 


GND 






Figure 24. Logic Connections to CL-PD6720 

Intel’s 82365SLDF controller uses active-high control logic for Vcc selection, which requires connecting the 
82365SL DPS 3-V control outputs (A_VCC_EN0, B_VCCEN0) to the TPS2201’s 5-V con trol inputs (A_VCC5 , 
B_VCC5) and the 5-V control outputs (AVCC_EN1, B_VCC_EN1) to the 3-V control Inputs (A_VCC3, B_VCC3), 
as illustrated In Figure 25. Examination of the control logic tables on page 16 will confirm that these connections 
will in fact select the correct output voltage. An alternative approach would be to invert the Intel Vqq control logic 
signals before routing them to the TPS2201. 

The separate Vpp power-good indicators of the TPS2201 can be connected directly to the Intel controller as 
shown In Figure 25. 

Cirrus Logic defines a (1,1) on the Vqq select lines to be the PC Card no connect state; Intel chose (0, 0) to 
select this state. As jthe tables show, either combination switches the Vqq outputs to 0 V. The decision to provide 
0 V versus a high impedance for the no connect state eliminates potential charging at the switch-to-card 
Interface. Feedback from the PC Card design community favors this approach. 

Vpp logic allows for 0-V or high-impedance output for no connect (0,0) or reserved (1,1) logic inputs, respectively 
(refer to AVPP and BVPP control-logic tables on page 16). Both the Cirrus Logic and Intel controllers interface 
directly with the Vpp control inputs of the TPS2201. 

The shutdown input of the TPS2201, SHDN, when held at a logic low places all Vqq and Vpp outputs in a 
high-impedance state and reduces chip quiescent current to 1 pA to conserve battery power. 

An overcurrent output (OC) is provided to indicate an overcurrent condition in any of the Vqq or Vpp supplies 
(see discussion above). 

ESD protection 

All TPS2201 inputs and outputs incorporate ESD-protection circuitry designed to withstand a 2-kV 
human-body-model discharge as defined in MIL-STD-883C. The Vqq and Vpp outputs can be exposed to 
potentially higher discharges from the external environment through the PC card connector. Bypassing the 
outputs with 0.1-pF capacitors protects the devices from discharges up to 10 kV. 
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5 V 



From CPU 

Figure 25. Detailed Operating Circuits Using Intel 82365SLDF Controller 
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DB OR DF PACKAGE 
(TOP VIEW) 


• Saves PCMCIA Controller I/O Leads by 
Utilizing 3-Lead Seriai Interface 

• Meets PCMCIA Standards 

• Internal Charge Pump (No External 
Capacitors Required) - 12-V Suppiy Can Be 
Disabied Except for Fiash Programming 

• Short Circuit and Thermal Protection 

• Space-Saving 30-Pin SSOP(DB) Package 

• Compatible With 3.3-V, 5-V and 12-V PC 
Cards 

• Power Saving Iqd = 83 fxA Typ, Iq = 1 pA 

• Low rDS(on)C*60-ni^Vcc Switch) 

• Break-Before-Make Switching 

• ESD Protection Up to 2 kV Per 
Mil-STD-883C, Method 3015 

description 

The TPS2202 PC Card (PCMCIA) power-interface switch provides an integrated power-management solution 
for two PC Cards. All of the discrete power MOSFETs, a logic section, current limiting, thermal protection, and 
power-good reporting for PC Card control are combined on a single integrated circuit (1C), using Texas 
Instruments LinBiCMOS™ process. The circuit allows the distribution of 3-V, 5-V, and/or 12-V card power by 
means of a reduced I/O serial Interface. The current-limiting feature eliminates the need for fuses, which reduces 
component count and improves reliability; current-limit reporting can help the user isolate a system fault to a 
bad card. 

The TPS2202 maximizes battery life by using an internal charge pump to generate its own switch-drive voltage. 
Therefore, the 12-V supply can be powered down and only brought out of standby when flash memory needs 
to be written to or erased. End equipment for the TPS2202 includes notebook computers, desktop computers, 
personal digital assistants (PDAs), digital cameras, handitermlnals, and bar-code scanners. 



• Fully Integrated Vqq and Vpp Switching for 
Dual-Slot PC Card Interface 



LinBiCMOS is a trademark of Texas Instruments 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas instruments 
standard warranty. Production processing does not necessariiy include 
testing of all parameters. 
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AVAILABLE OPTIONS 


Tj 

PACKAGED DEVICES | 

CHIP FORM 
(Y) 

SHINK SMALL-OUTLINE 
(DB) 

SMALL-OUTLINE 

(DF) 

-40°Cto 150°C 

TPS2202IDB 

TPS2202IDF 

TPS2202Y 


tjhe DF package is only available left-end taped and reeled (Indicated by the LE suffix on the device type; e.g., 
TPS2202IDFLE). 


Terminal Functions 


TERMINAL 

NAME NO. 

I/O 

DESCRIPTION 

3V 

15, 16, 17 

1 

3-V Vqc input for card power 

5V 

1,2, 30 

1 

5-V Vcc input for card power 

12V 

7, 24 

1 

12-V VPP input for card power 

AVCC 

9, 10, 11 

o 

Switched output that delivers 0 V, 3.3 V, 5 V, or high Impedance 

AVPP 

8 

0 

Switched output that delivers 0 V, 3.3 V, 5 V, 12 V, or high Impedance 



0 

Logic-level power-ready output that stays low as long as AVPP is within limits. 

BVCC 

20, 21,22 

o 

Switched output that delivers 0 V, 3.3 V, 5 V, or high impedance 

BVPP 

23 

o 

Switched output that delivers 0 V, 3.3 V, 5 V, 12 V, or high impedance 

BPWR_GOOD 

19 

0 

Logic-level power-ready output that stays low as long as BVPP is within limits. 

CLOCK 

4 

1 

Logic-level clock for serial data word 


3 

1 

Logic-level serial data word 

GND 

12 


Ground 

LATCH 

5 

1 

Logic-level latch for serial data word 

NC 

6, 14, 26, 
27, 28, 29 


No Internal connection 

OC 

18 

0 

Logic-level overcurrent reporting output that goes low when an overcurrent condition exists. 

Vdd 

25 


5-V power to chip 
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TPS2202Y chip information 

This chip, when properly assembled, displays characteristics similar to the TPS2202. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be mounted with 
conductive epoxy or a gold-silicon preform. 
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absolute maximum ratings over operating free-air temperature (unless otherwise noted)t 


Supply voltage range, Vqd .... “0-3 V to 7 V 

Input voltage range for card power: V|( 5 V) .. -0.3 V to 7 V 

V|(3V) .-0.3 Vto V|(5V) 

V|( 12 V) .... .. ■ -0.3Vto14V 

Logic input voltage .. -0.3 Vto 7 V 

Continuous total power dissipation . See Dissipation Rating Table 

Output current (each card); lo(xVCC) . Internally limited 

lO(xVPP) . internally limited 

Operating virtual junction temperature range, Tj . .. -40°C to 150°C 

Operating free-air temperature range, ..-40°C to 85°C 

Storage temperature range, Tstg .. -55°C to 150°C 

Lead temperature 1,6 mm (1/16 Inch) from case for 10 seconds ... 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


DISSIPATION RATING TABLE 


PACKAGE 

Ta < 25°C 

DERATING FACTOR* 

Ta = 70°c 

Ta = 85X 

POWER RATING 

ABOVE Ta = 25°C 

POWER RATING 

POWER RATING 

DB 

1024mW 

8.2 mW/°C 

655 mW 

532 mW 

DF 

1158 mW 

9.26 mW/°C 

741 mW 

602 mW 


t Maximum values are calculated using a derating factor based on Rqja = 108°C/W for the package. 
These devices are mounted on an FR4 board with no special thermal considerations. 


recommended operating conditions 



MIN 

MAX 

UNIT 

Supply voltage, Vqd 

4.75 

5.25 

V 


V|(5V) 

0 

5.25 

V 

Input voltage range, V| 

V|(3V) 

0 

Vl(5V)+ 

V 


V|(12V) 

0 

13.5 

V 

Output current, Iq 

lO(xVCC) 25°C 

1 

A 

•0(xVPP)at25°C 

150 

mA 

Clock frequency, fciock 

0 

2.5 

MHz 

Operating virtual junction temperature, Tj 

-40 

125 

°C 


t V|( 3 V) should not be taken above V|( 5 V). 
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electrical characteristics, Ta = 25°C, Vqq = 5 V (uniess otherwise noted) 
dc characteristics 


PARAMETER 

TEST CONDITIONS 

TPS2202 

UNIT 

MIN TYP MAX 

Switch resistancest 

5 VtoxVCC 


160 

mO 

3 VtoxVCC 


225 

SVtoxVPP 


6 

O 

3VtoxVPP 


6 

12 V to xVPP 


1 

Clamp low voltage 

Ipp at 10 mA 

0.8 

V 

Clamp low voltage 

Icc at 10 mA 

0.8 


Leakage current 

Ipp High-Impedance state 

Ta = 25‘’C 

1 10 

pA 

Ta = 85°C 

50 

Icc High-Impedance state 

Ta = 25°C 

1 10 

Ta = 85"C 

50 

Input current 

•dd 

VO(AVCC) = VO(BVCC) = 5 V, 
VO(AVPP) = Vo(BVPP) = 12 V 

83 150 

pA 

Idd in shutdown 

VO(BVCC) = VO(AVCC) = Vo(AVPP) 

= VO(BVPP) = high Z 

1 

pA 

Power-ready threshold, PWR_GOOD 


10.72 11.05 11.4 


Power-ready hysteresis, PWR_GOOD (12-V mode) 


50 

mV 1 

Short-circuit output-current limit 

iO(xVCC) 

Tj = 85°C, 

Output powered up into a short to GND 

0.75 1.3 1.9 

jufonii 

•O(xVPP) 

120 200 400 

mA 


t Pulse-testing techniques maintain junction temperature close to ambient temperature; thermal effects must be taken into account separately. 


switching characteristics^^ 


PARAMETER 

TEST CONDITIONS 

TPS2202 

UNIT 

MIN TYP MAX 

tr 

Output rise time 

VO(xVCC) 

1.2 


VO(xVPP) 

5 


n 

Output fall time 

VO(xVCC) 

10 

ms 

m 

VO(xVPP) 

14 



LATCHttoVo(xVPP) 

ton 

5.8 

ms 



toff 

18 

tpd 

Propagation delay (see Figure 1§) 

LATCHT to xVCC (3 V) 

ESH 

5.8 

ms 

toff 

28 



LATCHt to xVCC (5 V) 

Ei9l 

4 

ms 



toff 

30 


t Refer to Parameter Measurement Information 
§ Propagation delays are with Cl = 100 pF. 
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electrical characteristics, T/v = 25''C, Vqq = 5 V (unless otherwise noted) (continued) 
logic section 


PARAMETER 

TEST CONDITIONS 

TPS2202 

UNIT 

MIN MAX 

Logic input current 


1 

pA 

Logic input high level 


2.7 

V 

Logic input iow level 


0.8 

V 

Logic output high level 

Iq = 1 niA 

VdD“0-4 

V 

Logic output low level 

0.4 

V 


dc characteristics 


PARAMETER 

TEST CONDITIONS 

TPS2202Y 

UNIT 

MIN TYP MAX 

Leakage current 

Ipp High-impedance state 


1 

pA 

Ice High-impedance state 


1 

Input current 

Idd 

VO(AVCC) = VO(BVCC) = 5 V, 
VO(AVPP) = VO(BVPP) = 12 V 

83 

pA 

Power-ready threshold, PWR_GOOD 


11.05 

V 

Power-ready hysteresis, PWR_GOOD (12-V mode) 


50 

mV 


switching characteristicst 


PARAMETER 


TPS2202Y 

UNIT 



MIN TYP MAX 

tr 

Output rise time 

Vo(xVCC) 

1.2 

ms 

VO(xVPP) 

5 

■ 

Output fall time 

VO(xVCC) 

10 

ms 

Vo(xVPP) 

14 



LATCHT to Vo(xVPP) 

am 

5.8 

ms 



toff 

18 

Ipd 

Propagation delay (see Figure it) 

LATCHttoxVee 

B9H 

5.8 

ms 

toff 

28 



LATCHt to xvee 

on 

4 

ms 

■i 


toff 

30 


t Refer to Parameter Measurement Information 
t Propagation deiays are with Cl = 100 pF. 
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PARAMETER MEASUREMENT INFORMATiON 


Vcc 


Cl 


Cl 


LOAD CIRCUIT 


LATCH 




toff 


ton 


VO(xVPP) 


^^90% 


10% 


VOLTAGE WAVEFORMS 


Vdd 

GND 

V|(12V) 

GND 


LOAD CIRCUIT 


LATCH 


ton —-►! j 

Vo(xVCC) 


10% 


VOLTAGE WAVEFORMS 


Vdd 

GND 

V|(5V) 

GND 


Figure 1. Test Circuits and Voltage Waveforms 


Table of Timing Diagrams 



FIGURE 

Serial-Interface Timing 

2 

xVCC Propagation Delay and Rise Times With 1-p.F Load, 3-V Switch 

3 

xVCC Propagation Delay and Fall Times With 1 -fxF Load, 3-V Switch 

4 

xVCC Propagation Delay and Rise Times With lOO-pF Load, 3-V Switch 

5 

xVCC Propagation Delay and Fall Times With 10O-pF Load, 3-V Switch 

6 

xVCC Propagation Delay and Rise Times With l-pF Load, 5-V Switch 

7 

xVCC Propagation Delay and Fall Times With 1-p,F Load, 5-V Switch 

8 

xVCC Propagation Delay and Rise Times With lOO-pF Load, 5-V Switch 

9 

xVCC Propagation Delay and Fall Times With lOO-p-F Load, 5-V Switch 

10 

xVPP Propagation Delay and Rise Times With 1-pF Load, 12-V Switch 

11 

xVPP Propagation Delay and Fall Times With 1-^iF Load, 12-V Switch 

12 

xVPP Propagation Delay and Rise Times With lOO-pF Load, 12-V Switch 

13 

xVPP Propagation Delay and Fall Times With lOO-pF Load, 12-V Switch 

14 



CLOCK rLruTLrLrLnLTLjrLnLn_ 

NOTE A. Data is clocked in on the a positive leading edge of the clock. The latch should occur before next positive leading edge of 
the clock. For definition of D0-D8, see control logic table. 

Figure 2. Serial-Interface Timing 
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Figure 3. xVCC Propagation Deiay and 
Rise Times With 1-|xF Load, 3-V Switch 
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Figure 4. xVCC Propagation Deiay and 
Fall Times With 1-^iF Load, 3-V Switch 
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Figure 5. xVCC Propagation Delay and 
Rise Times With 100-|xF Load, 3-V Switch 


Figure 6. xVCC Propagation Delay and 
Fail Times With 100-|LiF Load, 3-V Switch 
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Figure 7. xVCC Propagation Delay and 
Rise Times With 1-^iF Load, 5-V Switch 
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Figure 9. xVCC Propagation Delay and 
Rise Times With 100-|iF Load, 5-V Switch 
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Figure 8. xVCC Propagation Delay and 
Fall Times With 1-|xF Load, 5-V Switch 
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Figure 10. xVCC Propagation Delay and 
Fall Times With 100-^F Load, 5-V Switch 
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Figure 11. xVPP Propagation Delay and Figure 12. xVPP Propagation Delay and 

Rise Times With 1-^F Load, 12-V Switch Fall Times With 1-^F Load, 12-V Switch 
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Figure 13. xVPP Propagation Delay and 
Rise Times With 100-fxF Load, 12-V Switch 
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Figure 14. xVPP Propagation Delay and 
Fall Times With 100-p^F Load, 12-V Switch 
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TYPICAL CHARACTERISTICSt 
Table of Graphs 


■ n 

FIGURE 

'dd 

Supply current 

vs Junction temperature 

15 

i'DS(on) 

Static drain-source on-state resistance, 3-V switch 

vs Junction temperature 

16 

''DS(on) 

Static drain-source on-state resistance, 5-V switch 

vs Junction temperature 

17 

''DS(on) 

Static drain-source on-state resistance, 12-V switch 

vs Junction temperature 

18 

Vo(xVCC) 

Output voltage, 5-V switch 

vs Output current 

19 

VO(xVCC) 

Output voltage, 3-V switch 

vs Output current 

20 

xVpp 

Output voltage, Vpp switch 

vs Output current 

21 

ISC(xVCC) 

Short-circuit current, 5-V switch 

vs Junction temperature 

22 

ISC(xVPP) 

Short-circuit current, 12-V switch 

vs Junction temperature 

23 


SUPPLY CURRENT 


vs 



-50 0 50 100 150 

Tj - Junction Temperature - °C 

Figure 15 


11 = pulse tested , 
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TYPICAL CHARACTERISTICSt 


3-V SWITCH 

STATIC DRAIN-SOURCE ON-STATE RESISTANCE 
vs 



-50 -25 0 25 50 75 100 125 

Tj - Junction Temperature - °C 

Figure 16 

12-V SWITCH 

STATIC DRAIN-SOURCE ON-STATE RESISTANCE 
vs 



Tj - Junction Temperature - °C 
Figure 18 


5-V SWITCH 

STATIC DRAIN-SOURCE ON-STATE RESISTANCE 
vs 



-50 -25 0 25 50 75 100 

Tj - Junction Temperature - °C 

Figure 17 

5-V SWITCH 
OUTPUT VOLTAGE 
vs 


125 



0.1 0.2 0.3 0.4 0.5 0.6 

•O(xVCC) ~ Output Current - A 

Figure 19 


0.7 


11 = pulse tested 
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TYPICAL CHARACTERISTICSt 


3-V SWITCH 

OUTPUT VOLTAGE 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

•O(xVCC) ” Output Current - A 

Figure 20 


5-V SWITCH 

SHORT-CIRCUIT CURRENT 


vs 



-50 0 50 100 150 


Tj - Junction Temperature - °C 


Vpp SWITCH 
OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 



lO(xVPP) ~ Output Current - A 


Figure 21 

12-V SWITCH 

SHORT-CIRCUIT CURRENT 


vs 



-50 0 50 100 150 

Tj - Junction Temperature - °C 


Figure 22 


Figure 23 


11 = pulse tested 
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APPLICATION INFORMATION 


overview 

PC Cards were initially introduced as a means to add EEPROM (flash memory) to portable computers with 
limited on-board memory. The idea of add-in cards quickly took hold: modems, wireless LANs, GPS systems, 
multimedia, and hard-disk versions were soon available. As the number of PC Card applications grew, the 
engineering community quickly recognized the need for a standard to ensure compatibility across platforms. 
To this end, the PCMCIA (Personal Computer Memory Card International Association) was established and was 
comprised of members from leading computer, software, PC card, and semiconductor manufacturers. One key 
goal was to realize the concept of plug and play - cards and hosts from different vendors should be compatible 
and able to communicate with one another transparently. 

PC Card power specification 

System compatibility also means power compatibility. The most current set of specifications (PC Card Standard) 
set forth by the PCMCIA committee states that power is to be transferred between the host and the card through 
eight of the PC Card connector’s 68 pins. This power interface consists of two Vqq, two Vpp, and four ground 
pins. Multiple Vqq and ground pins minimize connector-pin and line resistance. The two Vpp pins were originally 
specified as separate signals but are commonly tied together in the host to form a single node to minimize 
voltage losses. Card primary power is supplied through the Vqq pins; flash-memory programming and erase 
voltage is supplied through the Vpp pins. As each pin is rated to 0.5 A, Vqq and Vpp can theoretically supply up 
to 1 A, assuming equal pin resistance and no pin failure. A conservative design would limit current to 500 mA. 
Some applications, however, require higher Vqq currents; disk drives, for example, may need as much as 
750-mA peak current to create the initial torque necessary to spin up the platter. Vpp currents, on the other hand, 
are defined by flash-memory programming requirements, typically under 120 mA. 

future power trends 

The 1-A physical-pin current alluded to in the PC Card specification has caused some host-system engineers 
to believe they are required to deliver 1 A within the voltage tolerance of the card. Future applications, such as 
RF cards, could use the extra power for their radio transmitters. The 5 W needed for these cards will require 
very robust power supplies and special cooling considerations. The limited number of host sockets that will be 
able to support them makes the market for these high-powered PC Cards uncertain. The vast majority of the 
cards require less than 600 mA continuous current and the trend is towards even lower-powered PC Cards that 
will assure compatibility with a greater number of host systems. Recognizing the need for power derating, an 
adhoc committee of the PCMCIA is currently working to limit the amount of steady-state dc current to the 
PC Card to something less than the currently implied 1 A. If a system is designed to support 1 A, then the switch 
rDS(on)» power supply requirements, and PC Card cooling need to be carefully considered. 

designing around 1-A deiivery 

Delivering 1 A means minimizing voltage (and power) losses across the PC Card power interface, which 
requires that designers trade off switch resistance and the cost associated with large-die (low rDS(on)) MOSFET 
transistors. The PC Card standard requires that 5 V ±5%, or 3.3 V ±0.3 V be supplied to the card. The 
approximate 10% tolerance for the 3.3-V supply makes the 3.3-V rDS(on) •oss critical than the 5-V switch. A 
conservative approach is to allow 2% for voltage-regulator tolerance and 1 % for etch- and terminal-resistance 
drops, which leaves 2% (100 mV) voltage drop for the 5-V switch, and at least 6% (198 mV) for the 3.3-V switch. 

Calculating the rDS(on) necessary to support a 100 mV or 198 mV switch loss, using R = E/I and setting I = 1 A, 
the 5-V and 3.3-V switches would need to be 100 mQ and 198 mO respectively. One solution would be to pay 
for a more expensive switch with lower rDS(on)- A second, less expensive approach Is to increase the headroom 
of the power supply-for example, to increase the 5-V supply 1.5% or to 5.075 ±2%. Working through the 
numbers once more, the 2% for the regulator plus 1 % for etch and terminal losses leaves 97% or 4.923 V. 
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APPLICATION INFORMATION 

designing around 1-A deiivery (continued) 

The allowable voltage loss across the power distribution switch is now 4.923 V minus 4.750 V or 173 mV. 
Therefore, a switch with 173 mQ or less could deliver 1 A or greater. Setting the power supply high Is a common 
practice for delivering voltages to allow for system switch, connector, and etch losses and has a minimal effect 
on overall battery life. In the example above, setting the power supply 1.5% high would only decrease a 3-hour 
battery life by approximately 2.7 minutes, trivial when compared with the decrease in battery life when running 
a 5-W PC Card. 

heat dissipation 

A greater concern in delivering 1 A or 5 W is the ability of the host to dissipate the heat generated by the PC 
Card. For desktop computers the solution Is simpler: locate the PC Card cage such that it receives convection 
cooling from the forced air of the fan. Notebooks and other handheld equipment are not be able to rely on 
convection, but must rely on conduction of heat away from the PC Card through the rails into the card cage. This 
is difficult because PC Card/card cage heat transfer is very poor. A typical design scenario would require the 
PC Card to be held at 60°C maximum with the host platform operating as high as 50°C. Preliminary testing 
reveals that a PC Card can have a 20°C rise, exceeding the 10°C differential In the example, when dissipating 
less than 2 W of continuous power. The 60°C temperature was chosen because It is the maximum operating 
temperature allowable by PC Card specification. Power handling requirements and temperature rises are topics 
of concern and are currently being addressed by the PCMCIA committee. 

overcurrent and over-temperature protection 

PC Cards are inherently subject to damage that can result from mishandling. Host systems require protection 
against short-circuited cards that could lead to power supply or PCB-trace damage. Even systems sufficiently 
robust to withstand a short circuit would still undergo rapid battery discharge Into the damaged PC Card, 
resulting in the rather sudden and unacceptable loss of system power. This can be particularly frustrating to the 
consumer who has already experienced problems with shortened battery life due to Improper Nicad conditioning 
or memory effect. Most hosts include fuses for protection. The reliability of fused systems is poor, though, as 
blown fuses require troubleshooting and repair, usually by the manufacturer. The TPS2202 takes a two-pronged 
approach to overcurrent protection. First, Instead of fuses, sense FETs monitor each of the power outputs. 
Excessive current generates an error signal that linearly limits the output current, preventing host damage or 
failure. Sense FETs, unlike sense resistors or polyfuses, have the added advantage that they do not add to the 
series resistance of the switch and thus produce no additional voltage losses. Second, when an overcurrent 
condition Is detected, the TPS2202 asserts a signal at OC that can be monitored by the microprocessor to initiate 
diagnostics and/or send the user a warning message. In the event that an overcurrent condition persists, 
causing the 1C to exceed Its maximum junction temperature, thermal-protection circuitry engages, shutting 
down all power outputs until the device cools to within a safe operating region. 

12-V supply not required 

Most PC Card switches use the externally supplied 12-V Vpp power for switch-gate drive and other chip 
functions, requiring that it be present at all times. The TPS2202 offers considerable power savings by using an 
Internal charge pump to generate the required higher voltages from the 5-V Vqq supply; therefore, the external 
12-V supply can be disabled except when needed for flash-memory functions, thereby extending battery 
lifetime. Additional power savings are realized by the TPS2202 during a software shutdown, in which quiescent 
current drops to a maximum of 1 pA. 

voltage transitioning requirement 

PC Cards, like portables, are migrating from 5 V to 3.3 V to minimize power consumption, optimize board space, 
and Increase logic speeds. The TPS2202 Is designed to meet all combinations of power delivery as currently 
defined In the PCMCIA standard. The latest protocol accommodates mixed 3.3-V/5-V systems by first powering 
the card with 5 V, then polling It to determine Its 3.3-V compatibility. The PCMCIA specification requires that the 
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APPLICATION INFORMATION 
voltage transitioning requirement (continued) 

capacitors on 3.3-V compatible cards be discharged to below 0.8 V before applying 3.3-V power. This ensures 
that sensitive 3.3-V circuitry is not subjected to any residual 5-V charge and functions as a power reset. The 
TPS2202 offers a selectable Vqq and Vpp ground state, in accordance with PCMCIA 3.3-V/5-V switching 
specifications, to fully discharge the card capacitors while switching between Vqq voltages. 

output ground switches 

Several PCMCIA power-distribution switches on the market do not have an active-grounding FET switch. These 
devices do not meet the PC Card specification requiring a discharge of Vqq within 100 ms. PC Card resistance 
can not be relied on to provide a discharge path for voltages stored on PC Card capacitance because of possible 
high-impedance isolation by power-management schemes. A method commonly shown to alleviate this 
problem is to add to the switch output an external 100 kQ. resistor in parallel with the PC Card. Considering that 
this is the only discharge path to ground, a timing analysis will reveal that the RC time constant delays the 
required discharge time to over 2 seconds. The only way to ensure timing compatibility with PC Card standards 
is to use a power-distribution switch that has an internal ground switch, like that of the TPS22xx family, or add 
an external ground FET to each of the output lines with the control logic necessary to select it. 

In summary, the TPS2202 Is a complete single-chip dual-slot PC Card power interface. It meets all currently 
defined PCMCIA specifications for power delivery in 5-V, 3.3-V, and mixed systems, and offers a serial controller 
Interface. The TPS2202 offers functionality, power savings, overcurrent and thermal protection, and fault 
reporting in one 30-pin SSOP surface-mount package for maximum value added to new portable designs. 

power supply considerations 

The TPS2202 has multiple terminals for each of its 3.3 V, 5 V, and 12 V power inputs and for the switched Vqq 
outputs. Any individual terminal can conduct the rated input or output current. Unless all terminals are connected 
in parallel, the series resistance Is significantly higher than that specified, resulting in increased voltage drops 
and lost power. Both 12 V Inputs must be connected for proper Vpp switching; it is recommended that all input 
and output power terminals be paralleled for optimum operation. The Vqq input lead must be connected to the 
5V input leads. 

Although the TPS2202 is fairly immune to power input fluctuations and noise, it is generally considered good 
design practice to bypass power supplies typically with a 1-pF electrolytic or tantalum capacitor paralleled by 
a 0.047-jxF to 0.1 -jiF ceramic capacitor. It is strongly recommended that the switched Vqq and Vpp outputs be 
bypassed with a 0.1-|liF or larger capacitor; doing so improves the Immunity of the TPS2202 to electrostatic 
discharge (ESD). Care should be taken to minimize the Inductance of PCB traces between the TPS2202 and 
the load. High switching currents can produce large negative-voltage transients, which forward biases substrate 
diodes, resulting in unpredictable performance. 

The TPS2202, unlike other PC Card power-interface switches, does not use the 12-V power supply for switching 
or other chip functions. Instead, an internal charge pump generates the necessary voltage from Vqq, allowing 
the 12-V input supply to be shut down except when the Vpp programming or erase voltage is needed. Careful 
system design making use of this feature reduces power consumption and extends battery lifetime. 

The 3.3-V power Input should not be taken higher than the 5-V Input. Doing so, though nondestructive, results 
In high current flow into the device, and could result in abnormal operation. In any case, this occurrence indicates 
a malfunction of one input voltage or both, which should be investigated. 

Similarly, no terminal should be taken below -0.3 V; forward biasing the parasitic-substrate diode results in 
substrate currents and unpredictable performance. 
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APPLICATION INFORMATION 
overcurrent and thermal protection 

The TPS2202 uses sense FETs to check for overcurrent conditions in each of the Vqq and Vpp outputs. Unlike 
sense resistors or polyfuses, these FETs do not add to the series resistance of the switch; therefore, voltage 
and power losses are reduced. Overcurrent sensing is applied to each output separately. When an overcurrent 
condition Is detected, only the power output affected Is limited; ail other power outputs continue to function 
normally. The OC Indicator, normally a logic high, Is a logic low when any overcurrent condition is detected, 
providing for Initiation of system diagnostics and/or sending a warning message to the user. 

During power up, the TPS2202 controls the rise time of the Vqq and Vpp outputs and limits the current into a 
faulty card or connector. If a short circuit is applied after power is established (e.g., hot insertion of a bad card), 
current is initially limited only by the impedance between the short and the power supply. In extreme cases, as 
much as 10 A to 15 A may flow Into the short before the current limiting of the TPS2202 engages. If the Vqq 
or Vpp outputs are driven below ground, the TPS2202 may latch nondestructively in an off state. Cycling power 
reestablishes normal operation. 

Overcurrent limiting for the Vqq outputs is designed to engage if powered up into a short in the range of 
0.75 A to 1.9 A, typically at about 1.3 A; the Vpp outputs limit from 120 mA to 400 mA, typically around 200 mA. 
The protection circuitry acts by linearly limiting the current passing through the switch, rather than Initiating a 
full shutdown of the supply. Shutdown occurs only during thermal limiting. 

Thermal limiting prevents destruction of the 1C from overheating when the package power-dissipation ratings 
are exceeded. Thermal limiting, disables all power outputs (both A and B slots) until the device has cooled. 

calculating junction temperature 

The switch resistance, rDS(on)> is dependent on the junction temperature, Tj, ofthe die. The junction temperature 
is dependent on both rQS(on) and the current through the switch. To calculate Tj, first find rDS(on) Figures 

16, 17, and 18 using an initial temperature estimate about 50°C above ambient. Then calculate the power 
dissipation for each switch, using the formula: 

'’d " '■DS(on) ■ 

Next, sum the power dissipation and calculate the junction temperature: 

Tj = (2Pd-R0Ja) + Ta, Rqja = 108°c/w 

Compare the calculated junction temperature with the initial temperature estimate. If they are not within a few 
degrees of each other, reiterate using the calculated temperature as the Initial estimate. 

logic input and outputs 

The serial Interface consists of DATA, CLOCK, and LATCH leads. The data Is clocked In on the positive leading 
edge of the clock (see Figure 2). The 9-bit (DO through D8) serial data word is loaded during the positive edge 
of the latch signal. The latch signal should occur before the next positive leading edge of the clock. 

The shutdown bit of the data word places all Vqq and Vpp outputs In a hIgh-Impedance state and reduces chip 
quiescent current to 1 ^lA to conserve battery power. 

The TPS2202 serial interface is designed to be compatible with serial-interface PCMCIA controllers and current 
PCMCIA and JEIDA standards. 

An overcurrent output (OC) Is provided to indicate an overcurrent condition in any of the Vqq or Vpp outputs, 
as previously discussed. 
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APPLICATION INFORMATION 



Figure 24. Internal Switching Matrix 
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APPLICATION INFORMATION 


TPS2202 control logic 
AVPP 


CONTROL SIGNALS 

INTERNAL SWITCH SETTINGS 

OUTPUT 

D8 SHDN 

DO A_VPP_PGM 

D1 A_VPP_VCC 

S7 

S8 

S9 

VAVPP 

1 

0 

0 

CLOSED 

OPEN 

OPEN 

ov 

1 

0 

1 

OPEN 

CLOSED 

OPEN 

vcct 

1 

1 

0 

OPEN 

OPEN 

CLOSED 

VPP(12V) 

1 

1 

1 

OPEN 

OPEN 

OPEN 

Hi-Z 

0 

X 

X 

OPEN 

OPEN 

OPEN 

Hi-Z 


BVPP 


1 CONTROL SIGNALS 

1 INTERNAL SWITCH SETTINGS | 

OUTPUT 

D8 SHDN 

D4 B_VPP_PGM 

D5 B_VPP_VCC 

S10 

S11 

S12 

VBVPP 

1 

0 

0 

CLOSED 

OPEN 

OPEN 

0 V 

1 

0 

1 

OPEN 

CLOSED 

OPEN 

vcct 

1 

1 

0 

OPEN 

OPEN 

CLOSED 

VPP(12 V) 

1 

1 

1 

OPEN 

OPEN 

OPEN 

Hi-Z 

0 

X 

X 

OPEN 

OPEN 

OPEN 

Hi-Z 


AVCC 


CONTROL SIGNALS 

INTERNAL SWITCH SETTINGS 

OUTPUT 

D8 SHDN 

D3 A_VCC3 

D2 A_VCC5 

SI 

S2 

S3 

VAVCC 

1 

0 

0 

CLOSED 

OPEN 

OPEN 

OV 

1 

0 

1 

OPEN 

CLOSED 

OPEN 

3V 

1 

1 

0 

OPEN 

OPEN 

CLOSED 

5 V 

1 

1 

1 

CLOSED 

OPEN 

OPEN 

OV 

0 

X 

X 

OPEN 

OPEN 

OPEN 

Hi-Z 


BVCC 


CONTROL SIGNALS 

INTERNAL SWITCH SETTINGS 

OUTPUT 

D8 SHDN 

D6 B_VCC3 

D7 B_VCC5 

S4 

S5 

S6 

VBVCC 

1 

0 

0 

CLOSED 

OPEN 

OPEN 

0 V 

1 

0 

1 

OPEN 

CLOSED 

OPEN 

3 V 

1 

1 

0 

OPEN 

OPEN 

CLOSED 

5V 

1 

1 

1 

CLOSED 

OPEN 

OPEN 

0 V 

0 

X 

X 

OPEN 

OPEN 

OPEN 

Hi-Z 


t Output depends on AVCC 
+ Output depends on BVCC 


ESD protection 

All TPS2202 inputs and outputs incorporate ESD-protection circuitry designed to withstand a 2-kV 
human-body-model discharge as defined in MIL-STD-883C, Method 3015. The Vqq and Vpp outputs can be 
exposed to potentially higher discharges from the external environment through the PC Card connector. 
Bypassing the outputs with 0.1-pF capacitors protects the devices from discharges up to 10 kV. 
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APPLICATION INFORMATION 


5V 



Figure 25. Detailed Interconnections and Capacitor Recommendations 
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WITH RESET FOR SERIAL PCMCIA CONTROLLER 
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• Fully Integrated Vqq and Vpp Switching for 
Dual-Slot PC Card™ Interface 

• p2cTM s-Lead Serial Interface Compatible 
With CardBus™ Controllers 

• Meets PC Card Standards 

• RESET Allows System Initialization of PC 
Cards 

• 12-V Supply Can Be Disabled Except 
During 12-V Flash Programming 

• Short Circuit and Thermal Protection 

• Space-Saving 30-Pin SSOP (DB) Package 

• Compatibie With 3.3-V, 5-V and 12-V PC 
Cards 

• Power Saving Iqd = 83 M^A Typ, Iq = 1 |iA 

• Low r[)3^on) 60-mQ Vqq Switch) 

• Break-Before-Make Switching 

description 

The TPS2202AI PC Card power-interface switch provides an integrated power-management solution for two 
PC Cards. All of the discrete power MOSFETs, a logic section, current limiting, thermal protection, and 
power-good reporting for PC Card control are combined on a single Integrated circuit (1C), using the Texas 
Instruments LinBICMOS™ process. The circuit allows the distribution of 3.3-V, 5-V, and/or 12-V card power by 
means of the P^C (PCMCIA Peripheral-Control) Texas Instruments nonproprietary serial interface. The 
current-limiting feature eliminates the need for fuses, which reduces component count and improves reliability. 
Current-limit reporting can help the user isolate a system fault to a specific card. 

The TPS2202AI incorporates a reset function, selectable by one of two Inputs, to help alleviate system errors. 
The reset function enables PC Card initialization concurrent with host platform initialization, allowing a system 
reset. Reset Is accomplished by grounding the Vqq and Vpp (flash-memory programming voltage) outputs, 
which discharges residual card voltage. 

End equipment for the TPS2202AI Includes notebook computers, desktop computers, personal digital assistants 
(PDAs), digital cameras, handiterminals, and bar-code scanners. The TPS2202AI is only available taped and 
reeled (either TPS2202AIDFLE or TPS2202AIDBLE). 


DF OR DB PACKAGE 
(TOP VIEW) 


5V 

5V 

DATA 

CLOCK 

LATCH 

RESET 

12V 

AVPP 

AVCC 

AVCC 

AVCC 

GND 

APWR_GOOD 

RESET 

3.3V 



5V 

NC 

NC 

NC 

NC 

VpD 

12V 

BVPP 

BVCC 

BVCC 

BVCC 

BPWR_GOOD 

OC 

3.3V 

3.3V 


NC - No internal connection 


LinBiCMOS and P^C are trademarks of Texas Instruments Incorporated. 

PC Card and CardBus are trademarks of PCMCIA (Personal Computer Memory Card International Association). 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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typical PC card power-distribution application 


Power Supply 


12 V 
5V 
3.3 V 


Supervisor 


PCMCIA 

Controller 


7 


_3 


vdd 
--J_ 


TPS2202AI 

12V AVPP 

5V 


3.3V 


RESET 


RESET 


AVCC 

AVCC 

AVCC 


Serial interface BVPP 


APWR_GOOD 

BPWR_GOOD 

OC 


BVCC 

BVCC 

BVCC 


-TZ 




_^ 


E 

; iz 


Vpp1 

Vpp2 

Vcc 

Vcc 

PC 

Card A 


Vpp1 

Vpp2 

Vcc 

Vcc 

PC 

Card B 




Terminal Functions 


TERMINAL 

NAME NO. 

I/O 

DESCRIPTION 

3.3V 

15, 16, 17 

1 

3.3-V Vqq input for card power 

5V 

1,2,30 

1 

5-V Vqq input for card power 

12V 

7, 24 

1 

12-V Vpp input for card power 

AVCC 

9, 10, 11 

0 

Switched output that delivers 3.3 V, 5 V, low or high impedance to card 

AVPP 

8 

0 

Switched output that delivers 3.3 V, 5 V, 12 V, low or high impedance to card 

APWR_GOOD 

13 

0 

Logic-level power-ready output that stays low as long as AVPP is within limits 

BVCC 

20, 21, 22 

0 

Switched output that delivers 3.3 V, 5 V, low or high impedance 

BVPP 

23 

0 

Switched output that delivers 3.3 V, 5 V, 12 V, low or high impedance 

BPWR_GOOD 

19 

0 

Logic-level power-ready output that remains low as long as BVPP Is within limits 

CLOCK 

4 

1 

Logic-level clock for serial data word 


3 

1 

Logic-level serial data word 

GND 

12 


Ground 

LATCH 

5 

1 

Logic-level latch for serial data word 

NC 

26, 27, 

28, 29 


No iriternal connection 

OC 

18 

o 

Logic-level overcurrent reporting output that goes low when an overcurrent condition exists 

RESET 

6 

1 

Logic-level RESET input active high. Do not connect if terminal 14 is used. 

RESET 

14 

1 

Logic-level RESET input active low. Do not connect if terminal 6 is used. 

Vdd 

25 

1 

5-V power to chip 
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absolute maximum ratings over operating free-air temperature (unless otherwise noted)t 


Supply voltage range, Vdd . -0-3 V to 7 V 

Input voltage range for card power; V|( 5 V) . -0.3 V to 7 V 

V|(3.3V) .-0.3 VtO V|(5V) 

V|(12V) . —0.3 V to 14 V 

Logic input voltage ... -0.3 V to 7 V 

Continuous total power dissipation . See Dissipation Rating Table 

Output current (each card): lo(xVCC) . Internally limited 

lo(xVPP) . internally limited 

Operating virtual junction temperature range, Tj . -40°C to 150°C 

Operating free-air temperature range, .-40°C to 85°C 

Storage temperature range, Tgtg . -55°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


DISSIPATION RATING TABLE 


PACKAGE 

Ta<25°C 

DERATING FACTOR* 

Ta = 70°c 

Ta = 85°C 

POWER RATING 

ABOVE Ta = 25°C 

POWER RATING 

POWER RATING 

DF 

1158 mW 

9.26 mW/°C 

741 mW 

602 mW 

DB 

1024 mW 

8.2 mW/°C 

655 mW 

532 mW 


t These devices are mounted on an FR4 board with no special thermal considerations. 


recommended operating conditions 



MIN 

MAX 

UNIT 

Supply voltage, Vqd 

4.75 

5.25 

V 



V|(5V) 

0 

5.25 

V 

Input voltage range, Vj 


V|(3.3V) 

0 

V|(5V)§ 

V 



V|(12V) 

0 

13.5 

V 

Output current 

lO(xVCC) at 25°C 

1 

A 

lO(xVPP) at 25°C 

150 

mA 

Clock frequency 

0 

2.5 

MHz 

Operating virtual junction temperature, Tj 

-40 

125 

°C 


§ Vi( 3 . 3 V) should not be taken above Vi( 5 V). 
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electrical characteristics, Ta = 25''C, Vpp = 5 V (unless otherwise noted) 


dc characteristics 


I PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Switch resistancest 

5 V to xVCC 


160 

mfli 

3.3 V to xVCC 


225 

5 V to xVPP 


6 

a 

3.3 V to xVPP 


6 

12 V to xVPP 


1 

Vo(xVPP) Clamp low voltage 

Ipp at 10 mA 

0.8 

V 

Vo(xVCC) Clamp low voltage 

Ice at 10 mA 

0.8 

V 

l|l^g Leakage current 

Ipp High-impedance 
state 

Ta = 25°C 

1 10 


Ta = 85°C 

50 

Ice High-impedance 
state 

Ta = 25°C 

1 10 

Ta = 85"C 

50 

1 1 Input current 

Idd Supply current 

VO(AVCC) = VO(BVCC) = 5 V, 
VO(AVPP) = VO(BVPP) = 12 V 

83 150 

iiA 

Idd Supply current 
in shutdown 

VO(BVCC) = Vo{AVCC) = Vo(AVPP) 

= Vo(BVPP) = Hi-Z 

1 

fiA 

Power-ready threshold, 
PWR_GOOD 



10.72 11.05 11.4 

V 

Power-ready hysteresis, 
PWR_GOOD 

12-V mode 


50 

mV 

Short-circuit output- 
current limit 

ISIfflSSHliHH 

Tj = 85°C, 

Output powered up into a short to GND 

0.75 1.3 1.9 

A 

•O(xVPP) 

120 200 400 

mA 


t Pulse-testing techniques are used to maintain junction temperature close to ambient temperature; thermal effects must be taken into account 
separately. 

logic section 
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switching characteristicst 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

tr Output rise times 

Vo(xVCC) 

1.2 

ms 

VO(xVPP) 

5 

tf Output fall times 

Vo(xVCC) 

10 

VO(xVPP) 

14 

tpd Propagation delay (see Figure 11) 

LATCHt to Vo(xVPP) 

ton 

5.8 

ms 

toff 

18 

ms 

LATCHt to xVCC (3 V) 

ISIIIIIIIi 

5.8 

ms 

toff 

28 

ms 

LATCHt to xVCC (5 V) 

ton 

4 

ms 

toff 

30 

ms 


t Refer to Parameter Measurement Information 
t Propagation delays are with Cl = 100 iiF. 
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PARAMETER MEASUREMENT INFORMATION 


vpp 


Vcc 


Cl 


LOAD CIRCUIT 


LOAD CIRCUIT 


LATCH 




toff 


ton ~f^-H 


Vo(xVPP) 




10% 


Vdd 

GND 

V|(12V) 

GND 


LATCH 


" A’” / 


toff 


ton 


vo(xvcc) _ 


10% 


Vdd 

GND 

V|(5V) 

GND 


VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 

Figure 1. Test Circuits and Voltage Waveforms 


Table of Timing Diagrams 



FIGURE 

Serial-Interface Timing 

2 

xVCC Propagation Delay and Rise Time With 1-pF Load, 3.3-V Switch 

3 

xVCC Propagation Delay and Fall Time With 1-pF Load, 3.3-V Switch 

4 

xVCC Propagation Delay and Rise Time With 100-pF Load, 3.3-V Switch 

5 

xVCC Propagation Delay and Fall Time With 100-pF Load, 3.3-V Switch 

6 

xVCC Propagation Delay and Rise Time With 1-pF Load, 5-V Switch 

7 

xVCC Propagation Delay and Fall Time With 1-p.F Load, 5-V Switch 

8 

xVCC Propagation Delay and Rise Time With 100-|xF Load, 5-V Switch 

9 

xVCC Propagation Delay and Fall Time With 100-pF Load, 5-V Switch 

10 

xVPP Propagation Delay and Rise Time With 1-pF Load, 12-V Switch 

11 

xVPP Propagation Delay and Fall Time With 1-pF Load, 12-V Switch 

12 

xVPP Propagation Delay and Rise Time With lOO-pF Load, 12-V Switch 

13 

xVPP Propagation Delay and Fall Time With 100-}j,F Load, 12-V Switch 

14 



CLOCK rm_nLJi_nLnji_n_rLjrL_ 

NOTE A. Data is clocked in on the positive leading edge of the clock. The latch should occur before next positive leading edge of the 
clock. For definition of DO to D8, see the control logic table. 

Figure 2. Serial-Interface Timing 
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PARAMETER MEASUREMENT INFORMATION 



0123456789 
t - Time - ms 


Figure 3. xVCC Propagation Deiay and 
Rise Time With 1-^F Load, 3.3-V Switch 
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Figure 5. xVCC Propagation Deiay and 
Rise Time With 100 -|liF Load, 3.3-V Switch 
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Figure 4. xVCC Propagation Deiay and 
Faii Time With 1 -)liF Load, 3.3-V Switch 
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Figure 6. xVCC Propagation Delay and 
Fall Time With 100-|iiF Load, 3.3-V Switch 
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0 1 2 3 4 0 5 10 15 20 25 30 35 40 45 


t-■ Time - ms t-Time-ms 

Figure 7. xVCC Propagation Delay and Figure 8. xVCC Propagation Delay and 

Rise Time With 1>iliF Load, 5-V Switch Fall Time With 1-^F Load, 5-V Switch 



0 1 2 3 4 5 6 7 8 9 0 5 10 15 20 25 30 35 40 45 


t - Time - ms t - Time - ms 

Figure 9. xVCC Propagation Deiay and Figure 10. xVCC Propagation Deiay and 

Rise Time With 100-|xF Load, 5-V Switch Faii Time With 100-pF Load, 5-V Switch 
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0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 0 1 2 3 4 5 6 7 8 9 


t - Time - ms t - Time - ms 

Figure 11. xVPP Propagation Deiay and Figure 12. xVPP Propagation Deiay and 

Rise Time With 1-^F Load, 12-V Switch Fall Time With 1-^F Load, 12-V Switch 



0 1 2 3 4 5 6 7 8 9 0 5 10 15 20 25 30 35 40 45 


t - Time - ms t - Time - ms 

Figure 13. xVPP Propagation Deiay and Figure 14. xVPP Propagation Deiay and 

Rise Time With 10O-jiF Load, 12-V Switch Faii Time With 10O-pF Load, 12-V Switch 
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TYPICAL CHARACTERISTICSt 
Table of Graphs 


r- —1 

FIGURE 

bD 

Supply current 

vs Junction temperature 

15 

roSCon) 

Static drain-source on-state resistance, 3-V switch 

vs Junction temperature 

16 

''DS(on) 

Static drain-source on-state resistance, 5-V switch 

vs Junction temperature 

17 

fDSfon) 

Static drain-source on-state resistance, 12-V switch 

vs Junction temperature 

18 

VO(xVCC) 

Output voltage, 5-V switch 

vs Output current 

19 

VO(xVCC) 

Output voltage, 3.3-V switch 

vs Output current 

20 

xVpp 

Output voltage, Vpp switch 

vs Output current 

21 

ISC(XVCC) 

Short-circuit current, 5-V switch 

vs Junction temperature 

22 

ISC(xVPP) 

Short-circuit current, 12-V switch 

vs Junction temperature 

23 


SUPPLY CURRENT 


VS 



-50 0 50 100 150 


Tj - Junction Temperature - °C 
Figure 15 


11 = pulse tested 
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TYPICAL CHARACTERISTICSt 


3.3-V SWITCH 

STATIC DRAIN-SOURCE ON-STATE RESISTANCE 


vs 



-50 -25 0 25 50 75 100 125 


Tj - Junction Temperature - X 
Figure 16 
12-V SWITCH 

STATIC DRAIN-SOURCE ON-STATE RESISTANCE 


vs 



Tj - Junction Temperature - °C 


Figure 18 


5-V SWITCH 

STATIC DRAIN-SOURCE ON-STATE RESISTANCE 


vs 



B -50 -25 0 25 50 75 100 125 

Tj - Junction Temperature - °C 

Figure 17 

5-V SWITCH 
OUTPUT VOLTAGE 


vs 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

lO(xVCC) “ Output Current - A 

Figure 19 


11 = pulse tested 
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TYPICAL CHARACTERISTICSt 


3-V SWITCH 
OUTPUT VOLTAGE 


vs 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

lO(xVCC) ~ Output Current - A 

Figure 20 

5-V SWITCH 

SHORT-CIRCUIT CURRENT 
vs 

JUNCTION TEMPERATURE 



Figure 22 


Vpp SWITCH 
OUTPUT VOLTAGE 


vs 

OUTPUT CURRENT 



Figure 21 


12-V SWITCH 

SHORT-CIRCUIT CURRENT 


vs 



<-50 0 50 100 150 

Tj - Junction Temperature - °C 

Figure 23 


11 = pulse tested 
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overview 

PC Cards were initially Introduced as a means to add EEPROM (flash memory) to portable computers with 
limited on-board memory. The idea of add-in cards quickly took hold; modems, wireless LANs, GPS systems, 
multimedia, and hard-disk versions were soon available. As the number of PC Card applications grew, the 
engineering community quickly recognized the need for a standard to ensure compatibility across platforms. 
To this end, the PCMCIA (Personal Computer Memory Card International Association) was established, 
comprised of members from leading computer, software, PC card, and semiconductor manufacturers. One key 
goal was to realize the “plug and play” concept. Cards and hosts from different vendors should be compatible - 
able to communicate with one another transparently. 

PC Card power specification 

System compatibility also means power compatibility. The most current set of specifications (PC Card Standard) 
set forth by the PCMCIA committee states that power is to be transferred between the host and the card through 
eight of the PC Card connector’s 68 terminals. This power interface consists of two Vqq, two Vpp, and four 
ground terminals. Multiple Vqq and ground terminals minimize connector-terminal and line resistance. The two 
Vpp terminals were originally specified as separate signals but are commonly tied together In the host to form 
a single node to minimize voltage losses. Card primary power is supplied through the Vqq terminals; 
flash-memory programming and erase voltage is supplied through the Vpp terminals. As each terminal Is rated 
to 0.5 A, Vqq and Vpp can theoretically supply up to 1 A, assuming equal terminal resistance and no terminal 
failure. A conservative design would limit current to 500 mA. Some applications, however, require higher Vqq 
currents. Disk drives, for example, may need as much as 750-mA peak current to create the initial torque 
necessary to spin up the platter. Vpp currents, on the other hand, are defined by flash-memory programming 
requirements, typically under 120 mA. 

future power trends 

The 1-A physical-terminal current alluded to in the PC Card specification has caused some host-system 
engineers to believe they are required to deliver 1 A within the voltage tolerance of the card. Future applications, 
such as RF cards, could use the extra power for their radio transmitters. The 5 W required for these cards require 
very robust power supplies and special cooling considerations. The limited number of host sockets that are able 
to support cards makes the market for these high-powered PC Cards uncertain. The vast majority of the cards 
require less than 600 mA continuous current and the trend is towards even lower powered PC Cards that assure 
compatibility with a greater number of host systems. Recognizing the need for power derating, an ad hoc 
committee of the PCMCIA Is currently working to limit the amount of steady-state dc current to the 
PC Card to something less than the currently Implied 1 A. When a system is designed to support 1 A, the switch 
•'DS(on). power-supply requirements, and PC Card cooling need to be carefully considered. 

designing around 1-A delivery 

Delivering 1 A means minimizing voltage and power losses across the PC Card power interface, which requires 
that designers trade off switch resistance and the cost associated with large-die (low rDS(on)) MOSFET 
transistors. The PC Card standard requires that 5 V ±5% or 3.3 V ±0.3 V be supplied to the card. The 
approximate 10% tolerance for the 3.3-V supply makes the 3.3-V rps^on) critical than the 5-V switch. A 
conservative approach is to allow 2% for voltage-regulator tolerance ana 1 % for etch- and pin-resistance drops, 
which leaves 2% (100 mV) for voltage drop at the 5-V switch and at least 6% (198 mV) for the 3.3-V switch. 

Calculating the rQS(on) necessary to support a 100 mV or 198 mV switch loss, using R = E/I and setting I = 1 A, 
the 5-V and 3.3-V switches would need to be 100 mQ and 198 mQ respectively. One solution would be to pay 
for a more expensive switch with lower rDS(on)- A second, less expensive approach is to increase the headroom 
of the power supply-for example, to increase the 5 V supply 1.5% or to 5.075 ±2%. Working through the numbers 
once more, the 2% for the regulator plus 1 % for etch and terminal losses leaves 97% or 4.923 V. The allowable 
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designing around 1-A deiivery (continued) 

voltage loss across the power distribution switch is now 4.923 V minus 4.750 V or 173 mV. Therefore, a switch 
with 173 mQ or less could deliver 1 A or greater. Setting the power supply high is a common practice for 
delivering voltages to allow for system switch, connector, and etch losses. This practice has a minimal effect 
on overall battery life. In the example above, setting the power supply 1.5% high would only decrease a 3-hour 
battery life by approximately 2.7 minutes, trivial when compared with the decrease in battery life when running 
a 5-W PC Card. 

heat dissipation 

A greater concern in delivering 1 A or 5 W is the ability of the host to dissipate the heat generated by the PC 
Card. For desktop computers the solution is simpler: locate the PC Card cage such that it receives convection 
cooling from the forced air of the fan. Notebooks and other handheld equipment will not be able to rely on 
convection, but on conduction of heat away from the PC Card through the rails into the card cage. This is difficult 
because PC Card/card cage heat transfer is very poor. A typical design scenario would require the PC Card to 
be held at 60°C maximum with the host platform operating as high as 50°C. Preliminary testing reveals that a 
PC Card can have a 20°C rise, exceeding the 10°C differential in the example, when dissipating less than 2 W 
of continuous power. Sixty degrees centigrade was chosen because it is the maximum operating temperature 
allowable by PC Card specification. Power handling requirements and temperature rises are topics of concern 
and are currently being addressed by the PCMCIA committee. 

overcurrent and over-temperature protection 

PC Cards are inherently subject to damage that can result from mishandling. Host systems require protection 
against short-circuited cards that could lead to power supply or PCB-trace damage. Even systems sufficiently 
robust to withstand a short circuit would still undergo rapid battery discharge into the damaged PC Card, 
resulting in the rather sudden and unacceptable loss of system power. This can be particularly frustrating to the 
consumer who has already experienced problems with shortened battery life due to Improper NIcad conditioning 
or memory effect. Most hosts include fuses for protection. The reliability of fused systems is poor though, as 
blown fuses require troubleshooting and repair, usually by the manufacturer. 

The TPS2202AI takes a two-pronged approach to overcurrent protection. First, instead of fuses, sense FETs 
monitor each of the power outputs. Excessive current generates an error signal that linearly limits the output 
current, preventing host damage or failure. Sense FETs, unlike sense resistors or polyfuses, have an added 
advantage in that they do not add to the series resistance of the switch and thus produce no additional voltage 
losses. Second, when an overcurrent condition is detected, the TPS2202AI asserts a signal at OC that can be 
monitored by the microprocessor to initiate diagnostics and/or send the user a warning message. In the event 
that an overcurrent condition persists, causing the 1C to exceed Its maximum junction temperature, 
thermal-protection circuitry activates, shutting down all power outputs until the device cools to within a safe 
operating region. 

12-V supply not required 

Most PC Card switches use the externally supplied 12-V Vpp power for switch-gate drive and other chip 
functions, which requires that power be present at all times. The TPS2202AI offers considerable power savings 
by using an Internal charge pump to generate the required higher voltages from the 5-V Vdd supply; therefore, 
the external 12-V supply can be disabled except when needed for flash-memory functions, thereby extending 
battery lifetime. Additional power savings are realized by the TPS2202AI during a software shutdown in which 
quiescent current drops to a maximum of 1 pA. 
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voltage transitioning requirement 

PC Cards, like portables, are migrating from 5 V to 3.3 V to minimize power consumption, optimize board space, 
and increase logic speeds. The TPS2202AI is designed to meet all combinations of power delivery as currently 
defined in the PCMCIA standard. The latest protocol accommodates mixed 3.3-V/5-V systems by first powering 
the card with 5 V, then polling it to determine Its 3.3-V compatibility. The PCMCIA specification requires that the 
capacitors on 3.3-V-compatible cards be discharged to below 0.8 V before applying 3.3-V power. This ensures 
that sensitive 3.3-V circuitry is not subjected to any residual 5-V charge and functions as a power reset. The 
TPS2202AI offers a selectable Vqq and Vpp ground state, in accordance with PCMCIA 3.3-V/5-V switching 
specifications, to fully discharge the card capacitors while switching between Vqq voltages. 

output ground switches 

Several PCMCIA power-distribution switches on the market do not have an active-grounding PET switch. These 
devices do not meet the PC Card specification requiring a discharge of Vqq within 100 ms. PC Card resistance 
can not be relied on to provide a discharge path for voltages stored on PC Card capacitance because of possible 
high-impedance Isolation by power-management schemes. A method commonly shown to alleviate this 
problem is to add to the switch output an external 100 kQ resistor In parallel with the PC Card. Considering that 
this is the only discharge path to ground, a timing analysis will reveal that the RC time constant delays the 
required discharge time to more than 2 seconds. The only way to ensure timing compatibility with PC Card 
standards is to use a power-distribution switch that has an internal ground switch, like that of the TPS22xx family, 
or add an external ground FET to each of the output lines with the control logic necessary to select it. 

In summary, the TPS2202AI is a complete single-chip dual-slot PC Card power interface. It meets all currently 
defined PCMCIA specifications for power delivery in 5-V, 3.3-V, and mixed systems, and offers a serial controller 
interface. The TPS2202AI offers functionality, power savings, overcurrent and thermal protection, and fault 
reporting In one 30-pin SSOP surface-mount package for maximum value added to new portable designs. 

power supply considerations 

The TPS2202AI has multiple pins for each of Its 3.3-V, 5-V, and 12-V power inputs and for the switched Vqq 
outputs. Any individual pin can conduct the rated input or output current. Unless all pins are connected in parallel, 
the series resistance is significantly higher than that specified, resulting In increased voltage drops and lost 
power. Both 12-V inputs must be connected for proper Vpp switching; it is recommended that ail Input and output 
power pins be paralleled for optimum operation. The Vqq input lead must be connected to the 5-V Input leads. 

Although the TPS2202AI is fairly immune to power Input fluctuations and noise, it is generally considered good 
design practice to bypass power supplies typically with a 1-|iF electrolytic or tantalum capacitor paralleled by 
a 0.047-pF to 0.1 -pF ceramic capacitor. It is strongly recommended that the switched Vqq and Vpp outputs be 
bypassed with a 0.1-pF or larger capacitor; doing so improves the immunity of the TPS2202AI to electrostatic 
discharge (ESD). Care should be taken to minimize the inductance of PCB traces between the TPS2202AI and 
the load. High switching currents can produce large negative-voltage transients, which forward biases substrate 
diodes, resulting in unpredictable performance. 

The TPS2202AI, unlike other PC Card power-interface switches, does not use the 12-V power supply for 
switching or other chip functions. Instead, an internal charge pump generates the necessary voltage from Vqq, 
allowing the 12-V input supply to be shut down except when the Vpp programming or erase voltage is needed. 
Careful system design using this feature reduces power consumption and extends battery lifetime. 

The 3.3-V power input should not be taken higher than the 5-V input. Though doing so is nondestructive, this 
results in high current flow into the device and could result in abnormal operation. In any case, this occurrence 
indicates a malfunction of one input voltage or both which should be investigated. 

Similarly, no pin should be taken below-0.3 V; forward biasing the parasitic-substrate diode results in substrate 
currents and unpredictable performance. 
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RESET or RESET inputs 

To ensure that cards are in a known state after power brownouts or system initialization, the PC Cards should 
be reset at the same time as the host by applying a low Impedance to the Vqq and Vpp terminals. A 
low-impedance output state allows discharging of residual voltage remaining on PC Card filte r capacitance, 
permitting the system (host and PC Cards) to be powered up concurrently. The RESET or RESET Input will close 
Internal switches S1, S4, S7, and S10 with all other switches left open (see TPS2202AI control-logic table). The 
TPS2202AI remains in th e low-imp edance output state until the signal is deasserted and further data is clocked 
in and latched. RESET or RESET is provided for direct compatibility with systems that use either an active-low 
or active-high reset voltage supervisor. The unused pin is internally pulled up or down and should be left 
unconnected. 

overcurrent and thermal protection 

The TPS2202AI uses sense FETs to check for overcurrent conditions in each of the Vcc and Vpp outputs. Unlike 
sense resistors or polyfuses, these FETs do not add to the series resistance of the switch; therefore, voltage 
and power losses are reduced. Overcurrent sensing is applied to each output separately. When an overcurrent 
condition is detected, only the power output affected Is limited; all other power outputs continue to function 
normally. The OC indicator, normally a logic high, is a logic low when any overcurrent condition Is detected, 
providing for initiation of system diagnostics and/or sending a warning message to the user. 

During power up, the TPS2202AI controls the rise time of the Vqq and Vpp outputs and limits the current into 
a faulty card or connector. If a short circuit is applied after power Is established (e.g., hot Insertion of a bad card), 
current is initially limited only by the impedance between the short and the power supply. In extreme cases, as 
much as 10 A to 15 A may flow into the short before the current limiting of the TPS2202AI engages. If the Vqq 
or Vpp outputs are driven below ground, the TPS2202AI may latch nondestructively in an off state. Cycling power 
will reestablish normal operation. 

Overcurrent limiting for the Vqq outputs is designed to activate if powered up, into a short in the range of 
0.75 A to 1.9 A, typically at about 1.3 A. The Vpp outputs limit from 120 mA to 400 mA, typically around 200 mA. 
The protection circuitry acts by linearly limiting the current passing through the switch rather than initiating a full 
shutdown of the supply. Shutdown occurs only during thermal limiting. 

Thermal limiting prevents destruction of the IC from overheating if the package power-dissipation ratings are 
exceeded. Thermal limiting disables all power outputs (both A and B slots) until the device has cooled. 

calculating junction temperature 

The switch resistance, rDS(on)» is dependent on the junction temperature, Tj, of the die. The junction temperature 
Is dependent on both rDS(on) current through the switch. To calculate Tj, first find rDS(on) Figures 

16, 17, and 18 using an initial temperature estimate about 50°C above ambient. Then calculate the power 
dissipation for each switch, using the formula: 

= '■DS(on) ^ 

Next, sum the power dissipation and calculate the junction temperature: 

Tj = (2PdXR0Ja)+Ta, RgjA = 108°C/W 

Compare the calculated junction temperature with the initial temperature estimate. If the temperatures are not 
within a few degrees of each other, recalculate using the calculated temperature as the initial estimate. 
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logic input and outputs 

The serial interface consists of DATA, CLOCK, and LATCH leads. The data is clocked In on the positive leading 
edge of the clock (see Figure 2). The 9-bit (DO through D8) serial data word is loaded during the positive edge 
of the latch signal. The latch signal should occur before the next positive leading edge of the clock. 

The shutdown bit of the data word places all Vcc and Vpp outputs in a high-impedance state and reduces chip 
quiescent current to 1 pA to conserve battery power. 

The TPS2202AI serial interface Is designed to be compatible with serial-interface PCMCIA controllers and 
current PCMCIA and Japan Electronic Industry Development Association (JEIDA) standards. 

An overcurrent output (OC) is provided to indicate an overcurrent condition in any of the Vqq or Vpp outputs as 
previously discussed. 
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Figure 24. Internal Switching Matrix 
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TPS2202AI control logic 
AVPP 


CONTROL SIGNALS 

INTERNAL SWITCH SETTINGS 

OUTPUT 

D8 SHDN 

DO A_VPP_PGM 

D1 A_VPP_VCC 

S7 

S8 

S9 

VAVPP 

1 

0 

0 

CLOSED 

OPEN 

OPEN 

ov 

1 

0 

1 

OPEN 

CLOSED 

OPEN 

vcct 

1 

1 

0 

OPEN 

OPEN 

CLOSED 

VPP(12 V) 

1 

1 

1 

OPEN 

OPEN 

OPEN 

Hi-Z 

0 

X 

X 

OPEN 

OPEN 

OPEN 

Hi-Z 


BVPP 


CONTROL SIGNALS 

INTERNAL SWITCH SETTINGS 

OUTPUT 

D8 SHDN 

D4 B_VPP_PGM 

D5 B_VPP_VCC 

S10 

S11 

S12 

VBVPP 

1 

0 

0 

CLOSED 

OPEN 

OPEN 

0 V 

1 

0 

1 

OPEN 

CLOSED 

OPEN 

vcct 

1 

1 

0 

OPEN 

OPEN 

CLOSED 

VPP(12 V) 

1 

1 

1 

OPEN 

OPEN 

OPEN 

Hi-Z 

0 

X 

X 

OPEN 

OPEN 

OPEN 

Hi-Z 


AVCC 


CONTROL SIGNALS 

INTERNAL SWITCH SETTINGS 

OUTPUT 

D8 SHDN 

D3 A_VCC3 

D2 A_VCC5 

SI 

S2 

S3 

VAVCC 

1 

0 

0 

CLOSED 

OPEN 

OPEN 

OV 

1 

0 

1 

OPEN 

CLOSED 

OPEN 

3.3 V 

1 

1 

0 

OPEN 

OPEN 

CLOSED 

5 V 

1 

1 

1 

CLOSED 

OPEN 

OPEN 

OV 

0 

X 

X 

OPEN 

OPEN 

OPEN 

Hi-Z 


BVCC 


CONTROL SIGNALS 

INTERNAL SWITCH SETTINGS 

OUTPUT 

D8 SHDN 

D6 B_VCC3 

D7 B_VCC5 

S4 

S5 

S6 

VBVCC 

1 

0 

0 

CLOSED 

OPEN 

OPEN 

OV 

1 

0 

1 

OPEN 

CLOSED 

OPEN 

3.3 V 

1 

1 

0 

OPEN 

OPEN 

CLOSED 

5 V 

1 

1 

1 

CLOSED 

OPEN 

OPEN 

OV 

0 

X 

X 

OPEN 

OPEN 

OPEN 

Hi-Z 


t Output depends on AVCC 
t Output depends on BVCC 


ESD protection 

All TPS2202AI inputs and outputs incorporate ESD-protection circuitry designed to withstand a 2-kV 
human-body-model discharge as defined in MIL-STD-883C, Method 3015. The Vqq and Vpp outputs can be 
exposed to potentially higher discharges from the external environment through the PC Card connector. 
Bypassing the outputs with 0.1-pF capacitors protects the devices from discharges up to 10 kV. 
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5V 



Figure 25. Detailed interconnections and Capacitor Recommendations 
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• Fully Integrated Vcc Vpp Switching for 
Duai-Slot PC Card^^ Interface 

• Suspend Mode (3.3 V only) 

• Compatible With Controiiers From Cirrus, 
Intel, and Texas Instruments 

• Meets PCMCIA Standards 

• Internal Charge Pump (No External 
Capacitors Required) - 12-V Supply Can Be 
Disabled Except for Programming 

• Short Circuit and Thermal Protection 

• SSOP (30) Package Less than 2 mm High 

• Compatible With 3.3-V, 5-V and 12-V PC 
Cards 

• Power Saving \qq = 83 |liA Typ, Iq = 1 ^A 

• Low ros(on) (150-ml2 5-V Switch; 200-mi:2 
3.3-V Switch) 

• Break-Before-Make Switching 


DF or DB PACKAGE 
(TOP VIEW) 


5V 

5V 

A_VPP_PGM 

A_VPP_VCC 

A_VCC5 

A_VCC3 

12V 

AVPP 

AVCC 

AVCC 

AVCC 

GND 

NC 

SHDN 

3.3V 


NC - No Internal Connection 



5V 

B_VPP_PGM 

B_VPP_VCC 

B_VCC5 

B_VCC3 

NC 

12V 

BVPP 

BVCC 

BVCC 

BVCC 

m 

oc 

3.3V 

3.3V 


description 

The TPS2205 PC Card (PCMCIA) power interface switch provides an integrated power-management solution 
for two PC Cards. All of the discrete power MOSFETs, a logic section, current limiting and reporting, and thermal 
protection for PC Card control are combined on a single integrated circuit (1C), using the Texas Instruments 
LinBiCMOS™ process. The circuit allows the distribution of 3.3-V, 5-V and/or 12-V card power and is compatible 
with most PCMCIA controllers. The suspend mode allows the TPS2205 to operate off of 3.3-V input pins during 
modem or pager operations. The current-limiting feature eliminates the need for fuses, which reduces 
component count and improves reliability; current-limit reporting can help the user isolate a system fault to a 
bad card. 

The TPS2205 maximizes battery life by generating its own switch-drive voltage using an internal charge pump. 
Therefore, the 12-V supply can be powered down and only brought out of standby when flash memory needs 
to be written to or erased. End equipment for the TPS2205 Includes notebook computers, desktop computers, 
personal digital assistants (PDAs), digital cameras, handitermlnals, and bar-code scanners. 

The TPS2205I is only available In the DB package, left-end taped and reeled (Indicated by the LE suffix on the 
device type; when ordering, specify TPS2205IDBLE). 


LinBiCMOS is a trademark of Texas Instruments Incorporated. 

PC Card is a trademark of PCMCIA (Personal Computer Memory Card International Association). 


PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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typical PC Card power distribution application 



absolute maximum ratings over operating free-air temperature (unless otherwise noted)t 


Supply voltage range, Vqq . -0.3 V to 7 V 

Input voltage range for card power: V|( 5 V) .. -0.3 V to 7 V 

V|(3.3V) .-0.3 V to V|(5V) 

V|( 12 V) ... -0.3 V to 14 V 

Logic input voltage .... -0.3 V to 7 V 

Continuous total power dissipation .... See Dissipation Rating Table 

Output current (each card): lo(xVCC) ...... ..... ■ • internally limited 

lO(xVPP) . internally limited 

Operating virtual junction temperature range, Tj . -40X to 150°C 

Operating free-air temperature range, . .-40°C to 85°C 

Storage temperature range, Tgtg . -55°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


DISSIPATION RATING TABLE 


PACKAGE 

Ta < 25°C 

DERATING FACTOR* 

Ta = 70 °c 

Ta = 85"C 

POWER RATING 

ABOVE Ta = 25X 

POWER RATING 

POWER RATING 

DF 

1158 mW 

9.26 mW/X 

741 mW 

602 mW 

DB 

1024 mW 

8.2 mW/X 

655 mW 

532 mW 


t These devices are mounted on an FR4 board with no special thermal considerations. 
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TERMINAL 

NAME NO. 

I/O 

DESCRIPTION 

A_VCC3 

6 

1 

Logic input that controls voltage on AVCC (see control-logic table) 

A_VCC5 

5 

1 

Logic input that controls voltage on AVCC (see control-logic table) 

A_VPP_PGM 

3 

a 

Logic input that controls voltage on AVPP (see control-logic table) 

A VPP VCC 

4 

1 

Logic input that controls voltage on AVPP (see control-logic table) 

AVCC 

9, 10, 11 

0 

Switched output that delivers 0 V, 3.3 V, 5 V, or high impedance 

AVPP 

8 

o 

Switched output that delivers 0 V, 3.3 V, 5 V, 12 V, or high impedance 


26 

1 

Logic input that controls voltage on BVCC (see control-logic table) 

B_VCC5 

27 

1 

Logic input that controls voltage on BVCC (see control-logic table) 

b_vpp_pgm 

29 

1 

Logic input that controls voltage on BVPP (see control-logic table) 

B_VPP_VCC 

28 

1 

Logic input that controls voltage on BVPP (see control-logic table) 

BVCC 

20, 21,22 

o 

Switched output that delivers 0 V, 3.3 V, 5 V, or high impedance 

BVPP 

23 

0 

Switched output that delivers 0 V, 3.3 V, 5 V, 12 V, or high impedance 

SHDN 

14 

1 

Logic input that shuts down the TPS2205 and set all power outputs to high-impedance state 

OC 

18 

0 

Logic-level overcurrent reporting output that goes low when an overcurrent condition exists 

vdd 

25 


5-V power to chip 

GND 

12 


Ground 

3.3V 

15, 16, 17 

1 

3.3-V Vcc for card power 

5V 

1,2, 30 

1 

5-V Vcc for card power 

12V 

7, 24 

1 

12-V VPP in for card power 

NC 

13,19 




recommended operating conditions 



MIN 

MAX 

UNIT 

Supply voltage, VpQ 

TBD 

TBD 

V 


V|(5V) 

0 

5.25 

V 

Input voltage range, V| 

V|(3.3 V) 

0 

V|(5 V)+ 

V 


V|(12 V) 

0 

13.5 

V 

Output current 

lO(xVCC) a* 25''C 

1 

A 

IO(xVPP)at25'^C 

150 

mA 

Operating virtual junction temperature, Tj | 

-40 

125 

°c 


t V |(3 V) should not be taken above V |(5 v)- 
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TPS2205I 

DUAL-SLOT PC CARD POWER-INTERFACE SWITCH 

WITH SUSPEND MODE FOR PARALLEL PCMCIA CONTROLLER 

SLVS128 - OCTOBER 1995 


electrical characteristics, Ta = Vqq = 5 V (unless otherwise noted) 

dc characteristics 


PARAMETER TEST CONDITIONS 


Suspend mode 


•CC a* ■*0 


Ta = 25°C 


Ta = 85°C 


Ta = 25°C 


Ta = 85°C 


VO(AVCC) = Vo(BVCC) = 5 V, 
VO(AVPP) = VO(BVPP) = 12 V_ 


VO(BVCC) = VO(AVCC) = Vo(AVPP) 
_= VO(BVPP) = high Z 


Tj = 85°C, Output shorted to GND 


PARAMETER 

Switch resistances 

SVtoxVCC 

3.3 V to xVCC 

3.3 V to xVCC 

5 V to xVPP 


3.3 V to xVPP 

12 VtoxVPP 

Vo(xVPP) Clamp low voltage 

Vo(xVCC) Clamp low voltage 

Leakage current 

Ipp High-impedance 
state 

tec High-impedance 
state 

Input current 

Idd Supply current 

IpD Supply current 
in shutdown 


Power-ready threshold, 


PWR.GOOD 


Power-ready hysteresis, 


PWR_GOOD 


Short-circuit output- 
current limit 


*0(xVCC 


•0(xVPP 


120 200 400 mA 
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TPS2205I 

DUAL-SLOT PC CARD POWER-INTERFACE SWITCH 
WITH SUSPEND MODE FOR PARALLEL PCMCIA CONTROLLER 

SLVS128 - OCTOBER 1995 


electrical characteristics, = 25°C, Vqq = 5 V (uniess otherwise noted) (continued) 
logic section 


PARAMETER 

TEST CONDITIONS 

MIN MAX 

UNIT 

Logic input current 


1 

ra 

Logic input high level 


2 

V 

Logic input low level 


0.8 

V 

Logic output high level 

lO = 1 mA 

Vdd-0.4 

V 

Logic output low level 

0.4 

V 


switching characteristicst 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

tp tf Output rise and fall times 

VO(xVCC) rise time 

1.2 

ms 

Vo(xVCC) fall 

10 

ms 

Vo(xVPP) rise time 

5 

ms 

Vo(xVPP) time 

14 

ms 

tpd Propagation delay (see Figure 11) 

V|(x_VPP_PGM) to Vo(xVPP) 

ton 

5.8 

ms 

toff 

18 

ms 

V|(x_VCC3) to xVCC 

ton 

5.8 

ms 

toff 

28 

ms 

V|(x_VCC5) to xVCC 

ton 

4 

ms 

toff 

30 

ms 


t Refer to Parameter Measurement Information 
t Rise and fad times are with Cl = 100 \iF. 
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TPS2205I 

DUAL-SLOT PC CARD POWER-INTERFACE SWITCH 

WITH SUSPEND MODE FOR PARALLEL PCMCIA CONTROLLER 

SLVS128 - OCTOBER 1995 


APPLICATION INFORMATION 


TPS2205 control logic 
AVPP 


I CONTROL SIGNALS 

1 INTERNAL SWITCH SETTINGS 

OUTPUT 

SHDN 

A_VPP_PGM 

A_VPP_VCC 

S7 

S8 

S9 

VAVPP 

1 

0 

0 

CLOSED 

OPEN 

OPEN 

ov 

1 

0 

1 

OPEN 

CLOSED 

OPEN 

vcct 

1 

1 

0 

OPEN 

OPEN 

CLOSED 

VPP(12V) 

1 

1 

1 

OPEN 

OPEN 

OPEN 

Hi-Z 

0 

X 

X 

OPEN 

OPEN 

OPEN 

Hi-Z 


BVPP 


1 CONTROL SIGNALS 

1 INTERNAL SWITCH SETTINGS 

OUTPUT 

SHDN 

B_VPP_PGM 

B_VPP_VCC 

S10 

S11 

S12 

VBVPP 

1 

0 

0 

CLOSED 

OPEN 

OPEN 

OV 

1 

0 

1 

OPEN 

CLOSED 

OPEN 

vcct 

1 

1 

0 

OPEN 

OPEN 

CLOSED 

VPP(12V) 

1 

1 

1 

OPEN 

OPEN 

OPEN 

Hi-Z 

0 

X 

X 

OPEN 

OPEN 

OPEN 

Hi-Z 


AVCC 


1 CONTROL SIGNALS 

1 INTERNAL SWITCH SETTINGS 

OUTPUT 

SHDN 

A_VCC3 

A_VCC5 

SI 

S2 

S3 

VAVCC 

1 

0 

0 

CLOSED 

OPEN 

OPEN 

OV 

1 

0 

1 

OPEN 

CLOSED 

OPEN 

3V 

1 

1 

0 

OPEN 

OPEN 

CLOSED 

5V 

1 

1 

1 

CLOSED 

OPEN 

OPEN 

OV 

0 

X 

X 

OPEN 

OPEN 

OPEN 

Hi-Z 


BVCC 


CONTROL SIGNALS 

INTERNAL SWITCH SETTINGS 

OUTPUT 

SHDN 

B_VCC3 

B_VCC5 

S4 

S5 

S6 

VBVCC 

1 

0 

0 

CLOSED 

OPEN 

OPEN 

OV 

1 

0 

1 

OPEN 

CLOSED 

OPEN 

3V 

1 

1 

0 

OPEN 

OPEN 

CLOSED 

5 V 

1 

1 

1 

CLOSED 

OPEN 

OPEN 

OV 

0 

X 

X 

OPEN 

OPEN 

OPEN 

Hi-Z 


t Output depends on AVCC 
t Output depends on BVCC 
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Optoisolators 
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4N25,4N26,4N27,4N28 
OPTOCOUPLERS 


SOES020 - SEPTEMBER 1978 - REVISED OCTOBER 1995 


COMPATIBLE WITH STANDARD TTL INTEGRATED CIRCUITS 


• Gallium-Arsenide-Diode Infrared Source 
Optically Coupled to a Silicon npn 
Phototransistor 

• High Direct-Current Transfer Ratio 

• High-Voltage Electrical Isolation 

2.5-kV, 1.5-kV, or 0.5-kV Rating 

• Plastic Dual-Inline Package 

• High-Speed Switching 

if = 2 ITS, tf = 2 jis Typical 


4N25, 4N26, 4N27, OR 4N28 ... PACKAGE 
(TOP VIEW) 

ANODE [ S 6 ]BASE 

CATHODE [2 5 ] COLLECTOR 

NC [ 3 4 1 EMITTER 


NC - No internal connection 


absolute maximum ratings at 25'’C free-air temperature (unless otherwise noted)t 

Peak Input-to-output voltage^: 4N25 . ± 2.5 kV 

4N26,4N27 .. ±1.5kV 

4N28 . ±0.5kV 

Collector-base voltage^ . 70 V 

Collector-emitter voltage^ (see Note 1) . 30 V 

Emitter-collector voltage^ . 7 V 

Emitter-base voltage . 7 V 

Input-diode reverse voltage^ .... 3V 

Input-diode continuous forward current at (or below) 25°C free-air temperature^ (see Note 2) . 80 mA 

Input-diode peak forward currentt (t^ = 300 ps, duty cycle = 2%) . 3 A 

Continuous power dissipation at (or below) 25°C free-air temperature^: 

Infrared-emitting diode (see Note 3) ... 150mW 

Phototransistor (see Note 3) ... 150 mW 

Total, infrared-emitting diode plus phototransistor (see Note 4) . 250 mW 

Storage temperature range,Tgtg^ . -55°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds^ . 260°C 

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
t JEDEC registered data. This data sheet contains all applicable JEDEC-registered data In effect at the time of publication. 

NOTES; 1. This value applies when the base-emitter diode is open-circulated. 

2. Derate linearly to 100 °C free-air temperature at the rate of 1.33 mA/°C. 

3. Derate linearly to 100 °C free-air temperature at the rate of 2 mW/°C. 

4. Derate linearly to 100 °C free-air temperature at the rate of 3.33 mW/°C. 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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4N25,4N26,4N27,4N28 
OPTOCOUPLERS 

SOES020 - SEPTEMBER 1978 - REVISED OCTOBER 1995 


electrical characteristics at 25''C free-air temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

4N25,4N26 

4N27, 4N28 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

1 Collector-base 
''(BR)CBO breakdown voltage 

IC = 100pA, Ie = 0, If = 0 

70 

70 

V 

^ Collector-emitter 
V(BR)CEO breakdown voltage 

IC =1 mA, Ib = Ip = 0 

30 

30 

V 

A Emitter-collector 
V(BRECO) breakdown voltage 

IE = 100|iA, Ib = 0, If = 0 

7 

7 

V 

1 Input diode static 

reverse current 

> 

CO 

II 

oc 

> 

100 

100 

pA 

On-state collector 

•C{on)^ current (phototransistor 

operation) 

VcE = 10V, Ib = 0, If = 10 mA 

2 5 


mA 

On-state collector 

•C(on) current {phototransistor 

operation) 

VcB^IOV, Ie = 0, If = 10 mA 

20 

20 

pA 

Off-state collector 

•C(off)^ current (phototransistor 

operation) 

VcE = 10V, Ib = 0, If = 0 

1 50 

1 50 

nA 

Off-state collector 

•C(off)^ current (photodiode 

operation) 

VcB = 10V, Ie = 0, If = 0 

0.1 20 

0.1 20 

nA 

y 1 Input diode static 

^ forward voltage 

If = 10 mA 

1.25 1.5 

1.25 1.5 

V 

j. Collector-emitter 

CE(sat) saturation voltage 

IC = 2 mA, Ib = 0, If = 50 mA 

0.25 0.5 

0.25 0.5 

V 

Input-to-output internal 
resistance 

Vjn-out = ±2.5 kV for 4N25, 

±1.5kVfor 4N26, 4N27, 
±0.5 kV for 4N28, 

See Note 5 

1011 1012 

1011 1012 

a 

P Input-to-output 

capacitance 

V|n-out = 0, f = 1MHz, 

See Note 5 

1 

1 

PF 


t JEDEC registered data 

NOTE 5: These parameters are measured between both input diode leads shorted together and all the phototransistor leads shorted together. 


switching characteristics 
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4N25,4N26,4N27,4N28 
OPTOCOUPLERS 


SOES020 - SEPTEMBER 1978 - REVISED OCTOBER 1995 

PARAMETER MEASUREMENT INFORMATION 



TEST CIRCUIT A 

PHOTOTRANSISTOR OPERATION 



NOTES: A. The input waveform is supplied by a generator with the following characteristics: Zq = 50 tr ^ 15 ns, duty cycle 1 %. 

B. The output waveform is monitored on an oscilloscope with the following characteristics: t^ < 12 ns, R|n ^ 1 Cjn 20 pF. 


MECHANICAL INFORMATION 

The package consists of a gallium-arsenide infrared-emitting diode and an npn silicon phototransistor mounted 
on a 6-lead frame encapsulated within an electrically nonconductive plastic compound. The case can withstand 
soldering temperature with no deformation and device performance characteristics remain stable when 
operated In high-humidity conditions. Unit weight is approximately 0.52 grams. 


9,40(0.370) 

8,38(0.330) 


® ® ® 


® @ ® 

(see Note C) 



7,62 (0.300) T.P. 

6,61 (0.260) 
6,09(0.240) 


5,46(0.215) 

2,92 (0.115) 

1,78(0.070) 
0,51 (0.020) 


Seating Plane 


0,305(0.012) . 
0,203(0.008) 



I 1,78(0.070)MAX 
n r“ 6 Places 


3,81 (0.150) 

3,17(0.125' 2,54 (0.100) T.P.- 
(see Note A) 


1,01 (0.040) MIN 

JL_ 0,534(0.021) 
0,381(0.016) 

6 Places 


NOTES: A. 

B. 

C. 


D. 

E. 


Leads are within 0,13 (0.005) radius of true position (T.P.) with maximum material condition and unit installed. 
Pin 1 Identified by index dot. 

Terminal connections: 

1. Anode (part of the infrared-emitting diode) 

2. Cathode (part of the Infrared-emitting diode) 

3. No internal connection 

4. Emitter (part of the phototransistor) 

5. Collector (part of the phototransistor) 

6. Base (part of the phototransistor) 

The dimensions given fall within JEDEC MO-001 AM dimensions. 

All linear dimensions are given in millimeters and parenthetically given In inches. 


Figure 1. Mechanical Information 
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4N35,4N36,4N37 
OPTOCOUPLERS 


SOES021 - NOVEMBER 1981 - REVISED OCTOBER 1995 

COMPATIBLE WITH STANDARD TTL INTEGRATED CIRCUITS 

• Gallium-Arsenide-Diode Infrared Source 
Optically Coupled to a Silicon npn 
Phototransistor 

• High Direct-Current Transfer Ratio 

• High-Voltage Electrical Isolation 
1.5-kV, 2.5-kV, or 3.55-kV Rating 

• Plastic Dual-ln-Line Package 

• High-Speed Switching 
tf = 7 jLis, tf = 7 )Lis Typical 

• Typical Applications Include Remote Terminal 
Isolation, SCR and Triac Triggers, Mechanical 
Relays and Pulse Transformers 

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)tt 


Input-to-output peak voltage (8-ms half sine wave): 4N35 . 3.55 kV 

4N36 . 2.5 kV 

4N37 . 1.5 kV 

InpuHo-output root-mean-square voltage (8-ms half sine wave): 4N35 . 2.5 kV 

4N36 . 1.75 kV 

4N37 . 1.05 kV 

Collector-base voltage .. 70 V 

Collector-emitter voltage (see Note 1) . 30 V 

Emitter-base voltage . 7 V 

Input-diode reverse voltage .... 6 V 

Input-diode forward current: Continuous . 60 mA 

Peak (1 ps, 300 pps) . 3 mA 

Phototransistor continuous collector current ..... 100 mA 

Continuous total power dissipation at (or below) 25°C free-air temperature: 

Infrared-emitting diode (see Note 2) . 100 mW 

Phototransistor (see Note 3) ..... 300 mW 

Continuous power dissipation at (or below) 25°C lead temperature: 

Infrared-emitting diode (see Note 4) ... 100 mW 

Phototransistor (see Note 5) . 500 mW 

Operating temperature range, . . ■-55°C to 100°C 

Storage temperature range, Tgtg .-. -55°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” Is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability, 
t JEDEC registered data. This data sheet contains ail applicable registered data in effect at the time of publication. 

NOTES: 1. This value applies when the base-emitter diode is open-circulated. 

2. Derate linearly to 100 °C free-air temperature at the rate of 1.33 mW/®C. 

3. Derate linearly to 100 °C free-air temperature at the rate of 4 mW/°C. 

4. Derate linearly to 100 lead temperature at the rate of 1.33 mW/°C. Lead temperature is measured on the collector lead 
0.8 mm (1/32 inch) from the case. 

5. Derate linearly to 100°C lead temperature at the rate of 6.7 mW/°C. 



PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production proofing does not necassarHy include 
testing of all parameters. 
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4N35,4N36,4N37 
OPTOCOUPLERS 


SOES021 ~ NOVEMBER 1981 - REVISED OCTOBER 1995 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

V(BR)CBO 

Collector-base breakdown voltage 

IC = lOOpA, 

Ie = 0, lp = 0 

70t 

V 

V(BR)CEO 

Collector-emitter breakdown voltage 

IC=T0mA, 

lB = 0, lp = 0 

30t 

V 

V(BR)EBO 

Emitter-base breakdown voltage 

Ie = lOOpA, 

ic = o, ip = o 

7t 

V 

•r 

Input diode static reverse current 

> 

CO 

II 

£E 

> 

lot 

pA 

•lO 

Input-to-output current 

Vjo = rated peak value, t = 8 ms 

100 

mA 



VcE = 10V, 

Ib = 0 

lp= 10 mA, 

lot 


IC(on) 

On-state collector current 

VcE = 10V, 
Ib = o. 

Ip = 10 mA, 

Ta = -55°C 

4t 

mA 



VcE = 10V, 

Ib = o. 

Ip = 10 mA, 

Ta=100°C 

4t 




VcE = 10V, 

lp = 0, lB = 0 


1 

50 

nA 

IC(off) 

Off-state collector current 

VcE = 30 V, 
Ta = lOOX 

lp = 0, lB = 0, 

500t 

pA 

hpE 

Transistor Static Forward Current Transfer Ratio 

VcE = 5 V, 
lF = 0 

Iq = 10 mA, 

500 




Ip = 10 mA 

0.8t 


1.5t 


Vp 

Input diode static forward voltage 

Ip = 10 mA, 

Ta = -55°C 

0.9t 


1.7t 

V 



lp = 10 mA, 

Ta= ioo°c 

0.7t 


1.4t 


VCE(sat) 

Collector-emitter saturation voltage 

IC = 0.5 mA, 
Ib = 0 mA 

!p = 10 mA, 

0.3t 

V 

no 

Input-to-output internal resistance 

V(o = 500 V, 

See Note 6 

ioiit 

n 

Cio 

Input-to-output capacitance 

Vio = 0, 

See Note 6 

f=1 MHz, 


1 

2.5t 

pF 


t JEDEC registered data 

NOTE 6: These parameters are measured between both input-diode leads shorted together and all the phototransistor leads shorted together. 


switching characteristics at 25°C free-air temperaturet 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

ton Time-on time 

Vcc = 10 V, IC{on) ~ 2 mA, 

Rl = 100 O, See Figure 1 

10 

ps 

toff Turn-off time 

10 


t JEDEC registered data 
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4N35,4N36,4N37 
OPTOCOUPLERS 


SOES021 - NOVEMBER 1981 - REVISED OCTOBER 1995 


PARAMETER MEASUREMENT INFORMATION 

Input 



OV 


-r 


*on 


Output 


" 90% 


toff 


10% 


TEST CIRCUIT 


VOLTAGE WAVEFORMS 


NOTES: A. The input waveform is supplied by a generator with the following characteristics: Zq = 50 Q, t|- < 15 ns, duty cycle ^ 1 % 
tw — 100 |LIS. 

B. The output waveform Is monitored on an oscilloscope with the following characteristics: tr < 12 ns, Rjn ^ 1 MQ, Cjn ^ 20 pF 

Figure 1. Switching Times 


TYPICAL CHARACTERISTICS 


OFF-STATE COLLECTOR CURRENT 


vs 



' 0 10 20 30 40 50 60 70 80 90 100 

Ta - Free-Air Temperature - °C 


Figure 2 


TRANSISTOR STATIC FORWARD 
CURRENT TRANSFER RATIO (NORMALIZED) 



Figure 3 
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4N35,4N36,4N37 
OPTOCOUPLERS 


SOES021 - NOVEMBER 1981 - REVISED OCTOBER 1995 

TYPICAL CHARACTERISTICS 


COLLECTOR CURRENT 


vs 



1 4 10 40 100 400 1000 


fmod ~ Modulation Frequency - kHz 

Figure 4 

COLLECTOR CURRENT 


vs 

INPUT-DIODE FORWARD CURRENT 



Figure 6 


INPUT-DIODE FORWARD 



qI_ \ _I_ \ _I - \ _I-1-1 

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 


Vp - Forward Voltage - V 

Figure 5 


COLLECTOR CURRENT 
vs 

COLLECTOR-EMITTER VOLTAGE 



NOTE A. Pulse operation of input diode is required for operation 
beyond limits shown by dotted lines. 


Figure 7 
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4N35,4N36,4N37 
OPTOCOUPLERS 


SOES021 - NOVEMBER 1981 - REVISED OCTOBER 1995 


TYPICAL CHARACTERISTICS 

ON-STATE COLLECTOR CURRENT 
(RELATIVE TO VALUE AT 25°C) 
vs 

FREE-AIR TEMPERATURE 



NOTEA. These parameters were measured using pulse 
techniques, tw=1 ms, duty cycle < 2 %. 

Figure 8 
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4N35,4N36,4N37 
OPTOCOUPLERS 


SOES021 - NOVEMBER 1981 - REVISED OCTOBER 1995 

MECHANICAL INFORMATION 


The package consists of a gallium-arsenide Infrared-emitting diode and an npn silicon phototransistor mounted 
on a 6-lead frame encapsulated within an electrically nonconductive plastic compound. The case can withstand 
soldering temperature with no deformation and device performance characteristics remain stable when 
operated in high humidity conditions. Unit weight is approximately 0.52 grams. 


9,40(0.370) 

8,38(0.330) 


Index Dot _ 
(see Note B) 


4 -► 

® (D ® 

^ ■—■ ■—» 


N _ _ I 

® @ ® 

(see Note C) 



7,62 (0.300) T.P. 
(see Note A) 
6,61 (0.260) 
6,09(0.240) 


5,46(0.215) 

2,92(0.115) 

1,78(0.070) 
0,51 (0.020) 


Seating Plane - 


1,78(0.070) MAX 
n 6 Places 


1,01 (0.040) MIN 


0,305(0.012) 

0,203(0.008) 


3,17(0.125) 



2,29 (0.090) 

3.81(0.1M) <“•“«» 

4 Places 

2,54 (0.100) T.P. 
(see Note A) 


NOTES: A. 

B. 

C. 


D. 

E. 


Leads are within 0,13 (0.005) radius of true position (T.P.) with maximum material condition and unit installed. 
Pin 11dentified by index dot. 

Terminal connections: 

1. Anode (part of the infrared-emitting diode) 

2. Cathode (part of the infrared-emitting diode) 

3. No internal connection 

4. Emitter (part of the phototransistor) 

5. Collector (part of the phototransistor) 

6. Base (part of the phototransistor) 

The dimensions given fall within JEDEC MO-001 AM dimensions. 

Ail linear dimensions are given in millimeters and parenthetically given in inches. 


Figure 9. Mechanical Information 
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6N135,6N136, HCPL4502 
OPTOCOUPLERS/OPTOISOLATORS 


SOES022 - JULY 1986 - REVISED OCTOBER 1995 


• Compatible with TTL Inputs 

• High-Speed Switching_1 Mbit/s Typ 

• Bandwidth ... 2 MHz Typ 

• High Common-Mode Transient 
Immunity .... 1000 V/|is Typ 

• High-Voltage Electrical 
Insulation ... 3000 VDC Min 

• Open-Collector Output 

• UL Recognized ... File Number 65085 

description 

These high-speed optocouplers are designed for use in analog or digital interface applications that require 
high-voltage isolation between the input and output. Applications include line receivers that require high 
common-mode transient Immunity, and analog or logic circuits that require input-to-output electrical isolation. 

The 6N135, 6N136, and HCPL4502 optocouplers each consists of a light-emitting diode and an integrated 
photon detector composed of a photodiode and an open-collector output transistor. Separate connections are 
provided for the photodiode bias and the transistor-collector output. This feature, which reduces the transistor 
base-to-collector capacitance, results in speeds up to one hundred times that of a conventional phototransistor 
optocoupler. 

The 6N135 is designed for TTI-/CMOS, TTL/LSTTL, and wide-band analog applications. 

The 6N136 and HCPL4502 are designed for high-speed TTL7TTL applications. The HCPL4502 has no base 
connection. 


6N135, 6N136, OR HCPL4502 PACKAGE 
(TOP VIEW) 

NC[ 1 ^ 8 ] V0Q 
ANODE [ 2 7 ] BASE/OPENt 

CATHODE [ 3 6 ] OUTPUT 

Ncf 4 5 1 GND 


t Terminal 7 is BASE on the 6N135 and 
6N136 and OPEN on the HCPL4502 

NC - No internal connection 



PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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6N135,6N136, HCPL4502 
OPTOCOUPLERS/OPTOISOLATORS 


SOES022 - JULY 1986 - REVISED OCTOBER 1995 

absolute maximum ratings at 25''C free-air temperature (uniess otherwise noted)tt 


Supply and output voltage range, Vqq and Vq • • ......”*0*5 V to 15 V 

Reverse input voltage ......;. 5 V 

Emitter-base reverse voltage ...5 V 

Peak Input forward current (pulse duration = 1 ms, 50% duty cycle, see Note 1) . 50 mA 

Peak transient Input forward current (pulse duration 1 ps, 300 Hz) ... 1 A 

Average forward Input current(see Note 2) . .. 25 mA 

Peak output current ....... 16 mA 

Average output current ... 8 mA 

Base current ...... 5 mA 

Input power dissipation at (or below) 70°C free-air temperature (see Note 3) . 45 mW 

Output power dissipation at (or below) 70°C free-air temperature (see Note 4) . 100 mW 

Storage temperature range, Tgtg .... -55°C to 125°C 

Operating free-air temperature range, ... -55°C to 100°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . .. 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under “recommended operating conditions” is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
t JEDEC registered data for 6N135 and 6N136 

NOTES: 1. Derate linearly above 70®C free-air temperature at the rate of 1.67 mA/®C. 

2. Derate lineariy above 70®C free-air temperature at the rate of 0.83 mA/°C. 

3. Derate linearly above 70°C free-air temperature at the rate of 1.50 mW/®C. 

4. Derate linearly above 70®C free-air temperature at the rate of 3.33 mW/°C. 
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6N135,6N136, HCPL4502 
OPTOCOUPLERS/OPTOISOLATORS 


SOES022 - JULY 1986 - REVISED OCTOBER 1995 


electrical characteristics over operating free-air temperature range of to 70°C (uniess 
otherwise noted) 


PARAMETER 

TEST CONDITIONS 

6N135 

6N136, HCPL4502 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

Vpt Input forward voltage 

Ip = 16 mA, Ta = 25°C 

1.6 1.7 

1.6 1.7 

V 

Temperature coefficient of 
forward voltage 

Ip = 16 mA 

-1.8 

-1.8 

mV/°C 

Vbr^ Input breakdown voltage 

lR = 10pA, Ta = 25°C 

5 

5 

V 

Vql Low-level output voltage 

VcC = 4.5V. 

Ip = 16 mA, 

Ib = 0 

•OL= nriA 

0.1 0.4 


V 

Iql = 2.4 mA 


0.1 0.4 

|QI_j4: High-level output current 

lp = 0. 

Ib = 0, 

Ta = 25X 

Vcc = Vo = 5.5 V 

3 500 

3 500 

nA 

Vcc = Vo=15V 

0.01 1 

0.01 1 

[lA 

Iqh High-level output current 

Vcc = 15V, Vo = 15 V, 

lp = 0, ib = o 

50 

50 

pA 

+ Supply current, high-level 
output 

VCC = 15V, lo = 0, 

lp = 0, Ib = 0, 

Ta = 25°c 

0.02 1 

0.02 1 

pA 

Supply current, high-level 
output 

Vcc = 15V, lo = 0, 

lp = 0, lB = 0 

2 

2 

pA 

Supply current, low-level 
output 

VcC = 15V, lo = 0. 

Ip = 16 mA, 1 b = 0 

40 

40 

pA 

Transistor forward current 
transfer ratio 

Vo = 5 V, lo = 3 mA 

100 

100 

(6N136 

only) 


CTRt Current transfer ratio 

VcC = 4.5V, Vo = 0.4 V, 

Ip = 16 mA, Ib = 0, 

Ta = 25°C, See Note 5 

7% 18% 

19% 24% 

■ 

CTR Current transfer ratio 

Vcc = 4.5 V, Vo = 0.5 V, 

Ip = 16 mA, Ib = 0, 

See Note 5 

5% 

15% 


no Input-output resistance 

V|o = 500 V, Ta = 25°C, 

See Note 6 

1012 

1012 

Q 

+ Input-output insulation 

1^ leakage current 

V|o = 3000 V, t = 5 s, 

Ta = 25°C, RH = 45%, 

See Note 6 

1 

1 

pA 

Cj Input capacitance 

Vp = 0, f = 1 MHz 

60 

60 

pF 

Cjo Input-output capacitance 

f = 1 MHz, See Note 6 

0.6 

0.6 

PF 


t All typical values are at Ta = 25°C. 
t JEDEC registered data for 6N135 and 6N136 

NOTES: 5. Current transfer ratio is defined as the ratio of output collector current Iq to the forward LED input current Ip times 100%. 
6. These parameters are measured with terminals 2 and 3 shorted together and terminals 5, 6, 7, and 8 shorted together. 
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6N135,6N136, HCPL4502 
OPTOCOUPLERS/OPTOISOLATORS 

SOES022-JULY 1986 - REVISED OCTOBER 1995 


operating characteristics, V^c = 5 V, ip = 16 mA, Ta = 25°C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

1 

6N136, HCPL4502 

UNIT 


MIN TYP max 

BW Bandwidth (-3 dB) 

Rl= 100Q, See Note 7 

2 

2 

MHz 


NOTE 7: Bandwidth Is the range of frequencies within which the ac output voltage is not more than 3 dB below the low-frequency value. 


switching characteristics at Vqc = 5 V, Ip = 16 mA, Ta = 25°C 


PARAMETER 

TEST CONDITIONS 

6N135 

6N136, HCPL4502 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

tPLH'*' 

Propagation 
delay time, 
low-to-high-level 
output 

Rl = 4.1 kn, See Note 8, 

See Figure 1 

1 1.5 


ps 

Rl = 1.9 kQ, See Note 9, 

See Figure 1 


0.6 0.8 

tPHL'*’ 

Propagation 
delay time, 
high-to-low-level 
output 

Rl = 4.1 kQ, See Note 8, 

See Figure 1 

0.7 1.5 


ps 

Rl = 1.9 kQ, See Note 9, 

See Figure 1 


0.6 0.8 

dt 

Common-mode 
input transient 
immunity, 
high-level output 

avcm = iov, if = o, 

Rl = 4.1 kQ, See Notes 8 and 10, 

See Figure 2 

1000 


V/ps 

AVcm = 10V, If = 0, 

Rl = 1.9 kQ, See Notes 9 and 10, 

See Figure 2 


-1000 

dt ^ ^ 

Common-mode 
input transient 
immunity, 
low-level output 

AVcm = 10V, Rl = 4.1 kQ, 

See Notes 9 and 10, See Figure 2 

-1000 


V/ps 

AVcm = 10V, RL = 1.9kQ, 

See Notes 9 and 10, See Figure 2 


-1000 


t JEDEC registered data for 6N135 and6N136 

NOTES: 8. The 4.1 -k^^ load represents one LSTTL unit load of 0.36 mA and a 6.1 -kQ pullup resistor. 

9. The 1.9-kQ load represents one TTL unit load of 1.6 mA and a 5.6-ki2 pullup resistor. 

10. Common-mode transient immunity, high-level output, is the maximum rate of rise of the common-mode Input voltage that does not 
cause the output voltage to drop below 2 V. Common-mode input transient Immunity, low-level output, Is the maximum rate of fall 
of the common-mode Input voltage that does not cause the output voltage to rise above 0.8 V. 
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6N135,6N136, HCPL4502 
OPTOCOUPLERS/OPTOISOLATORS 


SOES022 - JULY 1986 - REVISED OCTOBER 1995 

PARAMETER MEASUREMENT INFORMATION 



TEST CIRCUIT 



NOTE A. Cl includes probe and stray capacitance. 

Figure 1. Switching Test Circuit and Waveforms 
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6N135,6N136, HCPL4502 
OPTOCOUPLERS/OPTOISOLATORS 


SOES022 - JULY 1986 - REVISED OCTOBER 1995 

PARAMETER MEASUREMENT INFORMATION 



Generator 


-JSSLfl 

—►! N— tr 


]SjJ0% 


ov 


dVCM . 8V 
dt “ t|- or tf 

tr = 8nsTYP 
tf =: 8 ns TYP 


Output 


Switch at A: Ip = 0 


5V 


Output ' —. . . 

Switch at B: ip s 16 mA 


VOL 


VOLTAGE WAVEFORMS 

Figure 2. Transient Immunity Test Circuit and Waveforms 
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6N135,6N136, HCPL4502 
OPTOCOUPLERS/OPTOISOLATORS 


SOES022 - JULY 1986 - REVISED OCTOBER 1995 


TYPICAL CHARACTERISTICS 


< 

E 

I 


E 

E 


o 

*8 

Q 

3 

a 

c 


INPUT-DIODE FORWARD CURRENT 


vs 



1.1 1.2 1.3 1.4 1.5 1.6 1.7 

Vp - Forward Voltage - V 


Figure 3 


CURRENT TRANSFER RATIO (NORMALIZED) 
vs 



1 2 4 7 10 20 40 70 100 


< 

E 

I 

c 


i: 


3 


o 


E 

a. 

3 

O 

I 

o 


12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 

0 2 4 6 8 10 12 14 16 

Vq - Output Voltage - V 


6N135 

CURRENT TRANSFER CHARACTERISTICS 



Figure 4 


CURRENT TRANSFER RATIO (NORMALIZED) 
vs 



-60 -40 -20 0 20 40 60 80 100 


Ip - Input Diode Forward Current - mA 


Ta - Free-Air Temperature - °C 


Figure 5 


Figure 6 
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6N135,6N136, HCPL4502 
OPTOCOUPLERS/OPTOISOLATORS 


SOES022 - JULY 1986 - REVISED OCTOBER 1995 


TYPICAL CHARACTERISTICS 


HIGH-LEVEL OUTPUT CURRENT 
vs 

FREE-AIR TEMPERATURE 



Ta - Free-Air Temperature - °C 


Figure 7 


FREQUENCY RESPONSE (NORMALIZED) 
vs 

FREQUENCY 



f - Frequency - MHz 


DIFFERENTIAL CURRENT TRANSFER RATIO 
vs 


(0 

c 

! 

I 

k. 

3 

o 


o 

I 

I 

a 

o 



0 5 10 15 20 

Ip - Input-Diode Quiescent Forward Current - mA 

Figure 8 

PROPAGATION DELAY TIME 
vs 



-60 -40 -20 0 20 40 60 80 100 

Ta “ Free-Air Temperature - °C 


Figure 9 


Figure 10 
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6N135,6N136, HCPL4502 
OPTOCOUPLERS/OPTOISOLATORS 


SOES022 - JULY 1986 - REVISED OCTOBER 1995 

MECHANICAL INFORMATION 



® ® ® ® 



NOTES: A. JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
B. Terminal connections: 

1. No internal connection (part of the light-emitting diode) 

2. Anode (part of the light-emitting diode) 

3. Cathode (part of the light-emitting diode) 

4. No internal connection 


5. GND (Emitter) (part of the light-emitting diode) 

6. Output (part of the detector) 

7. Base: 6N135, 6N136 (part of the detector) 

Open: HCPL4502 (part of the detector) 

8- Vcc of the detector) 

C. All linear dimensions are given in millimeters and parenthetically given in inches. 


Figure 11. Mechanical Information 
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MCT2, MCT2E 
OPTOCOUPLERS 

SOES023 - MARCH 1983 - REVISED OCTOBER 1995 

COMPATIBLE WITH STANDARD TTL INTEGRATED CIRCUITS 

• Gallium Arsenide Diode infrared Source Optically 
Coupled to a Silicon npn Phototransistor 

• High Direct-Current Transfer Ratio 

• Base Lead Provided for Conventional Transistor 
Biasing 

• High-Voltage Electrical Isolation ... 1.5-kV, or 
3.55-kV Rating 

• Plastic Dual-ln-Line Package 

• High-Speed Switching: 
tr = 5 [LS, tf = 5 |is Typical 

• Designed to be Interchangeable with 
General Instruments MCT2 and MCT2E 

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)t 


Input-to-output voltage: MCT2... ± 1.5 kV 

MCT2E . ±3.55kV 

Collector-base voltage .. 70 V 

Collector-emitter voltage (see Note 1) . 30 V 

Emitter-collector voltage . 7V 

Emitter-base voltage . 7 V 

Input-diode reverse voltage ...3 V 

Input-diode continuous forward current .. 60 mA 

Input-diode peak forward current (t^ < 1 ns, PRF < 300 Hz) .3 A 

Continuous power dissipation at (or below) 25°C free-air temperature: 

Infrared-emitting diode (see Note 2) . 200 mW 

Phototransistor (see Note 2) . 200 mW 

Total, infrared-emitting diode plus phototransistor (see Note 3) . 250 mW 

Operating free-air temperature range, . ~55°C to 100°C 

Storage temperature range, Tstg —. -SS^C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. This value applies when the base-emitter diode is open-circulated. 

2. Derate linearly to 100 °C free-air temperature at the rate of 2.67 mW/°C. 

3. Derate linearly to 100 °C free-air temperature at the rate of 3.33 mW/°C. 



PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of ail parameters. 
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MCT2, MCT2E 
OPTOCOUPLERS 


SOES023 - MARCH 1983 - REVISED OCTOBER 1995 


electrical characteristics at 25''C free-air temperature (unless otherwise noted) 


PARAMETER 


V(BR)CBO Collector-base breakdown voltage 


V(br)CEO Collector-emitter breakdown voltage 


V(brecO) Emitter-collector breakdown voltage 


Ipt Input diode static reverse current 


Phototransistor 

•C(on) On-state coiiector current operation _ 

Photodiode operation 


Phototransistor 

•C(off) Off-state coiiector current operation _ 

Photodiode operation 


HpE Transistor static forward current transfer ratio 


Vp Input diode static fonward voitage 


TEST CONDITIONS 


IC =1 mA. iB = 0, Ip = 0 


Vr = 3V 


VcE = 10V, Ib = 0, ip = 10 mA 


VcE = 10V, Ib = 0, lp = 0 


MIN TYP MAX UNIT 


V 


V 


V 


10 pA 


mA 


pA 


1 50 nA 



Vce = 5V, 
IC = 100pA, 
lp = 0 


Ip = 20 mA 


MCT2 

250 

MCT2E 

100 300 


1.25 1.5 


VCEfsat] 

1 Collector-emitter saturation voltage 

IC = 2mA, Ib = 0, lp=16mA 

1 0- 

25 

no 

Input-to-output internal resistance 

V|n-out = ±1 -5 kV for MCT2, 

±3.55 kV for MCT2E, 

See Note 4 

1011 


Input-to-output capacitance 


Vin-out = 0. f=1MHz, 
See Note 4 



NOTE 4: These parameters are measured between both input diode leads shorted together and all the phototransistor leads shorted together. 

switching characteristics 
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MCT2, MCT2E 
OPTOCOUPLERS 

SOES023 - MARCH 1983 - REVISED OCTOBER 1995 


PARAMETER MEASUREMENT INFORMATION 



TEST CIRCUIT A VOLTAGE WAVEFORMS TEST CIRCUIT B 

PHOTOTRANSISTOR OPERATION PHOTODIODE OPERATION 

NOTES: A. The input waveform is supplied by a generator with the following characteristics: Zq = 50 Q, tp < 15 ns, duty cycle 1 %, 

ty^/ = 100 (IS. 

B. The output waveform is monitored on an oscilloscope with the following characteristics: tf < 12 ns, Rjp > 1 Cjn ^ 20 pF. 

Figure 1. Switching Times 
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Ic - Collector Current - mA 


MCT2,MCT2E 

OPTOCOUPLERS 


SOES023- MARCH 1983 - REVISED OCTOBER 1995 


TYPICAL CHARACTERISTICS 


COLLECTOR CURRENT 
vs 

INPUT-DIODE FORWARD CURRENT 


VcE = 10V 


Ta = 25X 


■■■■I IL 

l■■lllll 



■ iHMB 

mm 

s 

mil 

m 

m 

mm 

■I 

■■I 

■1 

■ 

■ 

ill 

■i 

■ 

■■III 

■ 

■ 

■II 

1 


0.4 1 4 10 40 100 

Ip Input-Diode Forward Current - mA 


Figure 2 


COLLECTOR CURRENT 
vs 

COLLECTOR-EMITTER VOLTAGE 



1 






1 t 

Ib = 0 

Ta = 25°C 

. Caa KIa^a a 



\ 

\ 

\ 










\ 

\ 

1 I 1-1 

Max Continuous 
y Power Dissipatlor 

\ 1 _ 1 _ 1 _ 1 

1 




lF = 

1 1 N 

40 mA 





— 

— 


Ip = 30 mA 


I p = 20 mA 
Ip = 20 mA 


0 2 4 6 8 10 12 14 16 18 20 

VcE - Collector-Emitter Voltage - V 

NOTE A. Pulse operation of input diode is required for operation 
beyond limits shown by dotted lines. 


Figure 3 


ON-STATE COLLECTOR CURRENT 
(RELATIVE TO VALUE AT 25°C) 
vs 

FREE-AIR TEMPERATURE 


c u> 1.2 f 

a CM 


VcE = 0.4Vto10V 
iB = 0 
Ip = 10 mA 
See Note A 


o| 

0.6 


-75 -50 -25 0 25 50 75 100 125 

Ta - Free-AIr Temperature - °C 

NOTEA. These parameters were measured using pulse 
techniques, t^ = 1 ms, duty cycle < 2 %. 


Figure 4 
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MCT2, MCT2E 
OPTOCOUPLERS 


SOES023 - MARCH 1983-REVISED OCTOBER 1995 


MECHANICAL INFORMATION 


The package consists of a gallium-arsenide infrared-emitting diode and an npn silicon phototransistor mounted 
on a 6-lead frame encapsulated within an electrically nonconductive plastic compound. The case can withstand 
soldering temperature with no deformation and device performance characteristics remain stable when 
operated in high-humidity conditions. Unit weight is approximately 0.52 grams. 


9,40 (0.370) 
8,38(0.330) 


Index Dot - 
(see Note B) 


® ® ® 


® ® ® 

(see Note C) 



NOTES: A. 

B. 

C. 


D. 

E. 


Leads are within 0,13 (0.005) radius of true position (TP.) with maximum material condition and unit installed. 
Pin 1 identified by index dot. 

Terminal connections: 

1. Anode (part of the infrared-emitting diode) 

2. Cathode (part of the infrared-emitting diode) 

3. No internal connection 

4. Emitter (part of the phototransistor) 

5. Collector (part of the phototransistor) 

6. Base (part of the phototransistor) 

The dimensions given fall within JEDEC MO-001 AM dimensions. 

All linear dimensions are given in millimeters and parenthetically given in inches. 


Figure 5. Mechanical Information 
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MOC3009THRU MOC3012 
OPTOCOUPLERS/OPTOISOLATORS 


• 250 V Phototriac Driver Output 

• Gallium-Arsenide-Diode Infrared Source and 
Optically Coupled Silicon Traic Driver 
(Bilateral Switch) 

• UL Recognized ... File Number E65085 

• High Isolation ... 7500 V Peak 

• Output Driver Designed for 115 V ac 

• Standard 6-Terminal Plastic DIP 

• Directly Interchangeable with Motorola 
MOC3009, MOC3010, MOC3011, and MOC3012 

• Direct Replacements for: 

TRW Optron OPI3009, OPI3010, OPI3011, 
and OPI3012; 

General Instrument MCP3009, MCP3010, 
MCP3011; 

General Electric GE3009, GE3010, 
GE3011,andGE3012 


SOES024 - AUGUST 1985 - REVISED OCTOBER 1995 


MOC30209- MOC3012 ... PACKAGE 
(TOP VIEW) 



MAIN TERM 
TRIAC SUBt 
MAIN TERM 


t Do not connect this terminal 
NC - No internal connection 


logic diagram 



absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)t 


Input-to-output peak voltage, 5 s maximum duration, 60 Hz (see Note 1) . 7.5 kV 

Input diode reverse voltage . 3 V 

Input diode forward current, continuous . 50 mA 

Output repetitive peak off-state voltage . 250 V 

Output on-state current, total rms value (50-60 Hz, full sine wave): T^ = 25°C . 100 mA 

Ta = 70°C . 50 mA 

Output driver nonrepetitive peak on-state current (tw = 10 ms, duty cycle = 10%, see Figure 7) . 1.2 A 

Continuous power dissipation at (or below) 25°C free-air temperature: 

Infrared-emitting diode (see Note 2) .. 100 mW 

Phototriac (see Note 3) . 300 mW 

Total device (see Note 4) ... 330 mW 


Operating junction temperature range, Tj . -40°C to 100°C 

Storage temperature range, Tgtg . -40°C to 150°C 

Lead temperature 1,6(1/16 inch) from case for 10 seconds . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. Input-to-output peak voltage is the internal device dielectric breakdown rating. 

2. Derate linearly to 100°C free-air temperature at the rate of 1.33 mW/°C. 

3. Derate linearly to 100°C free-air temperature at the rate of 4 mW/®C. 

4. Derate linearly to 100°C free-air temperature at the rate of 4.4 mW/®C. 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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MOC3009THRU MOC3012 
OPTOCOUPLERS/OPTOISOLATORS 


SOES024-AUGUST19a5-REVISED OCTOBER 1995 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

•r 

Static reverse current 


Vr = 3V 

0.05 

100 

pA 

Vf 

Static forward voltage 


If = 10 mA 

1.2 

1.5 

V 

•drm 

Repetitive off-state current, either direction 

Vdrm = 250 V, See Note 5 

10 

100 

nA 

dv/dt 

Critical rate of rise of off-state voltage 

See Figure 1 

12 

V/ps 

dv/dt(c) 

Critical rate of rise of commutating voltage 

Iq = 15 mA, See Figure 1 

0.15 

V/ps 



MOC3009 


15 

30 


IFT 

Input trigger current. 

MOC3010 

Output supply voltage = 3 V 

8 

■a 

mA 

either direction 

MOC3011 

5 

10 



MOC3012 


5 


VtM 

Peak on-state voltage, either direction 

•tM = 100 mA 

1.8 

3 

V 

iH 

Holding current, either direction 


100 

HA 


NOTE 5: Test voltage must be applied within dv/dt rating. 


PARAMETER MEASUREMENT INFORMATION 


Vcc 



NOTE A. The critical rate of rise of off-state voltage, dv/dt, Is measured with the input at 0 V. The frequency of Vjn is increased until the 
phototriac just turns on. This frequency Is then used to calculate the dv/dt according to the formula: 

dv/dt = 2 

The critical rate of rise of commutating voltage, dv/dt(c), is measured by applying occasional 5-V pulses to the Input and Increasing 
the frequency of Vjp until the phototriac stays on (latches) after the Input pulse has ceased. With no further input pulses, the 
frequency of V|n is then gradually decreased until the phototriac turns off. The frequency at which turn-off occurs may then be used 
to calculate the dv/dt(c) according to the formula shown above. 

Figure 1. Critical Rate of Rise Test Circuit 
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MOC3009THRU MOC3012 
OPTOCOUPLERS/OPTOISOLATORS 


SOOS001 - AUGUST 1985 

TYPICAL CHARACTERISTICS 


EMITTING-DIODE TRIGGER CURRENT (NORMALIZED) 
vs 

FREE-AIR TEMPERATURE 


Emitting-Dlode Trigger Current (Normalized) 

p p ^ -L .a. ^ 

bo (O ^ Li, io CO 







i 






V 






\ 



















-50 -25 0 25 50 75 100 

Ta Free-Air Temperature - °C 


ON-STATE CHARACTERISTICS 



Vtm “ Peak On-State Voltage - V 


Figure 2 


Figure 3 


CRITICAL RATE OF RISE OF OUTPUT VOLTAGE 

OFF-STATE dv/dt AND COMMUTATING dv/dt(c) 


CRITICAL RATE OF RISE OF OUTPUT VOLTAGE 

OFF-STATE dv/dt AND COMMUTATING dv/dt(c) 


vs 


vs 


LOAD RESISTANCE 


— 

TA = 2i 
See Fl( 

>°C 
jure 1 

Oi 

t-State 








Comi 

nutating 











1 

Iv/dt 

lv/dt(c) 

1 


0 0.4 0.8 1.2 1.6 2 


FREE-AIR TEMPERATURE 



25 50 75 100 


Rl “ Load Resistance - kQ 


Ta - Free-Air Temperature - °C 


Figure 4 


Figure 5 
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MOC3009THRU MOC3012 
OPTOCOUPLERS/OPTOISOLATORS 


SOES024 - AUGUST 1985 - REVISED OCTOBER 1995 

TYPICAL CHARACTERISTICS 


RMS APPLIED VOLTAGE 
(FOR dv/dt(c) = 0.15 V/|xs) 


vs 



100 400 Ik 4 k 10 k 40 k 100 k 

f - Frequency - Hz 

Figure 6 


< 

£ 

t 


3 

o 

o 

s 

(/> 



S 


NONREPETITIVE PEAK ON-STATE CURRENT 


vs 



0.01 0.1 1 10 100 
tw - Pulse Duration - ms 


Figure 7 
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MOC3009THRU MOC3012 
OPTOCOUPLERS/OPTOISOLATORS 


SOOS001 - AUGUST 1985 


APPLICATIONS INFORMATION 


Vcc 



Figure 8. Resistive Load 



Figure 9. Inductive Load With Sensitive-Gate Triac 



15 mA < Igt < 50 mA 


Figure 10. Inductive Load With Nonsensitive-Gate Triac 
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MOC3009THRUMOC3012 

OPTOCOUPLERS/OPTOISOLATORS 


SOES024 - AUGUST 1985 ~ REVISED OCTOBER 1995 

MECHANtCAL INFORMATION 


Each device consists of a gallium-arsenide infrared-emitting diode optically coupled to a silicon phototrlac 
mounted on a 6-terminal lead frame encapsulated within an electrically nonconductive plastic compound. The 
case can withstand soldering temperature with no deformation and device performance characteristics remain 
stable with operated In hIgh-humidIty conditions. 



7,62 (0.300) T.P. 
(see Note A) 
6,61 (0.260) 
6,09(0.240) 


0,305 (0.012)_ 
0,203(0.008) 


Seating Plane - 


3,81 


9,40(0.370) 

8,38(0.330) 


index Dot - 
(see Note B) 


® @ @ 


® ® @ 

(see Note C) 


5,46(0.215) 

2,95(0.116) 


1,78(0.070) 
0,51 (0.020) 


(0.I50) 


I y_ 1,78 (0.070) MAX 

n r 6 Places 


3,17(0.125) 


2,29(0.090) 

1,27(0.050) 

4 Places 
2,54 (0.100) T.P. 
(see Note A) 


I I 


Tl\ Hh 1,01 (0.040) 




MIN 


0,534 (0.021) 
0,381 (0.015) 
6 Places 


NOTES: A. 

B. 

C. 


D. 

E. 


Leads are within 0,13 mm (0.005 inch) radius of true position (TP.) with maximum material condition and unit Installed. 
Pin 1 Identified by Index dot. 

Terminal connections: 

1. Anode (part of Infrared-emitting diode) 

2. Cathode (part of Infrared-emitting diode) 

3. No internal connection 

4. Main terminal (part of phototriac) 

5. Triac Substrate (DO NOT connect) (part of phototriac) 

6. Main terminal (part of phototriac) 

The dimensions given fall within JEDEC MO-001 AM dimensions. 

All linear dimensions are given in millimeters and parenthetically given in inches. 


Figure 11. Mechanical Information 
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MOC3020THRU MOC3023 
OPTOCOUPLERS/OPTOISOLATORS 

SOES025 - OCTOBER 1986 - REVISED OCTOBER 1995 


• 250 V Phototriac Driver Output 

• Gallium-Arsenide-Diode Infrared Source and 
Optically-Coupled Silicon Traic Driver 
(Bilateral Switch) 

• UL Recognized ... File Number E65085 

• High Isolation ... 7500 V Peak 

• Output Driver Designed for 220 V ac 

• Standard 6-Terminal Plastic DIP 

• Directly Interchangeable with 
Motorola MOC3020, MOC3021, MOC3022, 
and MOC3023 

• Direct Replacements for: 

- TRWOptronOPI3020,OPI3021, 

OPI3022, and OPI3023; 

- General Instrument MCP3020, 

MCP3021, and MCP3022; 

- General Electric GE3020, 

GE3021, GE3022, and GE3023 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)t 


Input-to-output peak voltage, 5 s maximum duration, 60 Hz (see Note 1) . 7.5 kV 

Input diode reverse voltage .. 3 V 

Input diode forward current, continuous .. 50 mA 

Output repetitive peak off-state voltage . 400 V 

Output on-state current, total rms value (50-60 Hz, full sine wave): = 25°C . 100 mA 

Ta = 70X ..... 50mA 

Output driver nonrepetitive peak on-state current (V = 10 ms, duty cycle = 10%, see Figure 7). 1.2 A 

Continuous power dissipation at (or below) 25°C free-air temperature: 

Infrared-emitting diode (see Note 2) .. 100 mW 

Phototriac (see Note 3) ..... 300 mW 

Total device (see Note 4) .. 330 mW 

Operating junction temperature range, Tj . ... -40°C to 100°C 

Storage temperature range, Tgtg . -40°C to 150°C 

Lead temperature 1,6 (1/16 inch) from case for 10 seconds .. 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. Input-to-output peak voltage is the internal device dielectric breakdown rating. 

2. Derate linearly to 100°C free-air temperature at the rate of 1.33 mW/®C. 

3. Derate linearly to 100°C free-air temperature at the rate of 4 mW/°C. 

4. Derate linearly to 100®C free-air temperature at the rate of 4.4 mW/°C. 



PRODUCTION DATA information is current as of pubiication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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MOC3020THRUMOC3023 

OPTOCOUPLERS/OPTOISOLATORS 


SOES025 - OCTOBER 1986- REVISED OCTOBER 1995 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

Ir 

Static reverse current 


> 

CO 

II 

cc 

> 

0.05 

100 

\lA 

Vf 

Static fonward voltage 


Ip = 10 mA 

1.2 

1.5 

V 


Repetitive off-state current, either direction 

V(drm) = 400 V, See Note 5 

10 

100 

nA 

dv/dt 

Critical rate of rise of off-state voltage 

See Figure 1 

100 

V/ps 

dv/dt(c) 

Critical rate of rise of commutating voltage 

Iq = 15 mA, See Figure 1 

0.15 

■1 

> 



MOC3020 


15 

30 


IFT 

Input trigger current. 

MOC3021 

Output supply voltage = 3 V 

8 

15 


either direction 

MOC3022 

5 

10 




MOC3023 


3 

5 


Vtm 

Peak on-state voltage, either direction 

Itm = 100 mA 

1.4 

3 

V 

IH 

Holding current, either direction 


100 

pA 


NOTE 5: Test voltage must be applied at a rate no higher than 12 V/ps. 


PARAMETER MEASUREMENT INFORMATION 

Vcc 



NOTE A. The critical rate of rise of off-state voltage, dv/dt, is measured with the input at 0 V. The frequency of Vjp is increased until the 
phototriac turns on. This frequency is then used to calculate the dv/dt according to the formula; 

dv/dt = 2 y2irfV.^ 

The critical rate of rise of commutating voltage, dv/dt(c), is measured by applying occasional 5-V pulses to the input and increasing 
the frequency of Vin until the phototriac stays on (latches) after the input pulse has ceased. With no further input pulses, the 
frequency of Vjn is then gradually decreased until the phototriac turns off. The frequency at which turn-off occurs may then be used 
to calculate the dv/dt(c) according to the formula shown above. 

Figure 1. Critical Rate of Rise Test Circuit 
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MOC3020THRU MOC3023 
OPTOCOUPLERS/OPTOISOLATORS 


SOES025 - OCTOBER 1986 - REVISED OCTOBER 1995 

TYPICAL CHARACTERISTICS 


EMITTING-DIODE TRIGGER CURRENT (NORMALIZED) 
vs 

FREE-AIR TEMPERATURE 


Emitting-Dlode Trigger Current (Normalized) 

O O _fc -i _ 

00 <0 io CO 4 






































-50 -25 0 25 50 75 100 

Ta - Free-Air Temperature - °C 


ON-STATE CHARACTERISTICS 



Vtm ” Peak On-State Voltage - V 


Figure 2 


Figure 3 


< 

E 


I 



cn 


NONREPETITIVE PEAK ON-STATE CURRENT 


vs 



0.01 0.1 1 10 100 
tw - Pulse Duration - ms 


Figure 4 
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MOC3020THRU MOC3023 
OPTOCOUPLERS/OPTOISOLATORS 

SOES025 -> OCTOBER 1986 - REVISED OCTOBER 1995 

APPLICATIONS INFORMATION 



l(3j<15inA 

Figure 6. Inductive Load With Sensitive-Gate Triac 



15 mA < Iqj < 50 mA 

Figure 7. Inductive Load With Nonsensitive-Gate Triac 
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MOC3020THRU MOC3023 
OPTOCOUPLERS/OPTOISOLATORS 


SOES025 - OCTOBER 1986 - REVISED OCTOBER 1995 


MECHANICAL INFORMATION 

Each device consists of a gallium-arsenide infrared-emitting diode optically coupled to a silicon phototriac 
mounted on a 6-terminal lead frame encapsulated within an electrically nonconductive plastic compound. The 
case can withstand soldering temperature with no deformation and device performance characteristics remain 
stable when operated in high-humidity conditions. 


9,40 (0.370) U 
8,38 (0.330) 


Index Dot - 
(see Note B) 


® ® ® 



NOTES: A. 

B. 

C. 


D. 

E. 


Leads are within 0,13 (0.005) radius of true position (T.P.) with maximum material condition and unit installed. 
Pin 1 identified by Index dot. 

Terminal connections: 

1. Anode (part of the infrared-emitting diode) 

2. Cathode (part of the infrared-emitting diode) 

3. No internal connection 

4. Main terminal (part of the phototransistor) 

5. Triac Substrate (DO NOT connect) (part of the phototransistor) 

6. Main terminal (part of the phototransistor) 

The dimensions given fall within JEDEC MO-001 AM dimensions. 

All linear dimensions are given in millimeters and parenthetically given in inches. 


Figure 8. Mechanical information 
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TIL191, TIL192, TIL193, TIL191A, TIL192A, TIL193A 
Till 91B, TIL192B,TIL193B 
OPTOCOUPLERS 

$OES026 - APRIL 1989 - REVISED OCTOBER 1995 

• Gallium-Arsenide-Diode infrared Source • High-Voltage Electrical Isolation 3.535 kV 

• Source Is Optically Coupled to Silicon npn Peak (2.5 kV rms) 

Phototransistor • Plastic Dual-In-Line Packages 

• Choice of One, Two, or Four Channels • UL Listed ~ Fiie #E65085 

• Choice of Three Current-Transfer Ratios 


description 

These optocouplers consist of a gallium-arsenide light-emitting diode and a silicon npn phototransistor per 
channel. The TIL191 has a channel in a 4-terminal package, the TIL192 has two channels in an 8-terminal 
package, and the TIL193 has four channels in a 16-terminal package. The standard devices, TIL191, Till 92, 
and TIL193, are tested for a current-transfer ratio of 20% minimum. Devices selected for a current-transfer ratio 
of 50% and 100% minimum are designated with the suffix A and B respectively. 



1 COLLECTOR 

1 EMITTER 
2COLLECTOR 

2EMITTER 

3COLLECTOR 

3EMITTER 

3COLLECTOR 

3EMITTER 


absolute maximum ratings at 25°C free-air (uniess otherwise noted)t 

Input-to-output voltage (see Note 1) . ±3.535 kV peak or dc (±2.5 kV rms) 

Collector-emitter voltage (see Note 2) . 35 V 

Emitter-collector voltage . 7V 

Input diode reverse voltage . 5 V 

Input diode continuous forward current at (or below) 25°C free-air temperature 

(see Note 3) ... 50 mA 

Continuous total power dissipation at (or below) 25°C free-air temperature: 

Phototransistor (see Note 4) .. 150 mW 

Input diode plus phototransistor per channel (see Note 5) . 200 mW 

Storage temperature range, Tgtg . . -55°C to 125°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. This rating applies for sine-wave operation at 50 Hz or 60 Hz. This capability is verified bytesting in accordance with UL requirements. 

2. This value applies when the base-emitter diode is open circuited. 

3. Derate linearly to 100°C free-air temperature at the rate of 0.67 mA/°C. 

4. Derate linearly to 10O^’C free-air temperature at the rate of 2 mW/°C. 

5. Derate linearly to 100°C free-air temperature at the rate of 2.67 mW/°C. 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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TIL191, TIL192, TIL193, TIL191A, TIL192A, TIL193A 

TIL191B,TIL192B,TIL193B 

OPTOCOUPLERS 

SOES026-APRIL 1989- REVISED OCTOBER 1995 


electrical characteristics 25°C free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

V{BR)CEO 

Collector-emitter breakdown voltage 


Iq = 0.5 mA, 

lp = 0 

35 

V 

V(BR)ECO 

Emitter-collector breakdown voltage 


IC = 100pA, 

lp = 0 

7 

V 

«R 

Input diode static reverse current 


Vr = 5V 

10 

pA 

IBHI 

Off-state collector current 


VcE = 24 V, 

lp = 0 

100 

nA 



TIL191, 

TIL192, 

Till 93 



20% 

■ 

CTR 

Current transfer ratio 

TIL191A, 

TIL192A, 

TIL193A 

Ip = 5 mA 

VcE = 5 V 

50% 

■ 



TIL191B, 

TIL192B, 

TIL193B 



100% 

■ 

vf 

Input diode static forward voltage 


Ip = 20 mA 

1.4 

V 

VcE(sat) 

Collector-emitter saturation voltage 


Ip = 5 mA 

Iq = 1 mA 

0.4 

V 

o 

O 

Input-to-output capacitance 


Vjn-out = 0 mA 

f=1 MHz, 

1 

pF 

Ho 

Input-to-output Internal resistance 


Vjn-out = 

See Note 6 

1011 

ft 


NOTE 6: These parameters are measured between ail Input diode leads shorted together and all phototransistor leads shorted together. 


switching characteristics at 25°C free-air temperature 


PARAMETER { 

TEST CONDITIONS 

TYP 

UNIT 

tr 

Rise time 

Vqc = 5 V, IC(on) = 2 mA, 

Rl = 100 ft, See Figure 1 

6 

ps 

tf 

Fall time 

6 


PARAMETER MEASUREMENT INFORMATION 







47 ft 

AAA/- input (see Note A) 

_ Output (see Note B) 


Input i 


■L 


1 : 


Vcc = 5 V 


RL = 100ft 


Output 


90%4 

Jif 10 % 10 %\^ 


ov 

K-tf 


NOTES: 


NOTE C. Adjust amplitude of input 
pulse for lc(on) = 2 mA 

TEST CIRCUIT VOLTAGE WAVEFORMS 

The input waveform is supplied by a generator with the following characteristics: ZquT = 50 ft, t^ 15 ns, tw 100 |is. 

The output waveform is monitored on a oscilloscope with the following characteristic: tf < 12 ns, Rjn ^ 1M ps, Cjn ^ 20 pF. 

Figure 1. Switching Times 
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TIL191, TIL192, TIL193, TIL191A, TIL192A, TIL193A 
TIL191B, TIL192B, TIL193B 
OPTOCOUPLERS 

SOES026 - APRIL 1989 - REVISED OCTOBER 1995 


TYPICAL CHARACTERISTICS 


FORWARD CURRENT 


vs 



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 

Vp - Forward Voltage - V 

Figure 2 


ON-STATE COLLECTOR CURRENT (NORMALIZED) 
vs 



0.1 0.4 1 4 10 40 100 


Ip - Input Diode Forward Current - mA 


TIL191,TIL192, TIL193 

COLLECTOR CURRENT 


< 

E 

I 


§ 

© 

o 

o 

I 

o 


vs 



0123456789 10 

VcE ~ Collector-Emitter Voltage - V 

Figure 3 


c tn 

© CM 
t ii 

I« 

© © 

si 

If 

cp * 
o's 


ON-STATE COLLECTOR CURRENT 
(RELATIVE TO VALUE AT 25°C) 



Ta - Free-Air Temperature - °C 


Figure 4 


Figure 5 
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TIL191, TIL192, TIL193, TIL191A, TIL192A, TIL193A 

TIL191B, TIL192B, TIL193B 

OPTOCOUPLERS 

SOES026 - APRIL 1989 - REVISED OCTOBER 1995 

TYPICAL CHARACTERISTICS 


COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 

FREE-AIR TEMPERATURE 



Ta - Free-Air Temperature - ®C 


Figure 6 
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TIL191, TIL192, TIL193, TIL191 A, TIL192A, TIL193A 
TIL191B,TIL192B,TIL193B 
OPTOCOUPLERS 

_ SOES026-APRIL 1989 - REVISED OCTOBER 1995 


MECHANICAL INFORMATION 


TIL191 


PInl 


TIL192 


Pin1 


4.18(0.189) 


4,19(0.165) 


■ 10,2(0.401) 
9,2 (0.362) 


7,62 (0.300) T.P. 
(see Note A) 




Seating Plane 



NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 

B. All linear dimensions are given in millimeters and parenthetically given In inches. 

Figure 8. Mechanical Information 


Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 


7-45 






TIL300, TIL300A 
PRECISION LINEAR OPTOCOUPLER 


■ • ac or dc Signal Coupling 

I • Wide Bandwidth ... >200 kHz 
I • High Transfer-Gain Stability ... ±0.05%/°C 
I • 3500 V Peak Isolation 

^ • UL Approval Pending 

• Applications 

- Power-Supply Feedback 

- Medical-Sensor Isolation 

- Opto Direct-Access Arrangement (DAA) 

- Isolated Process-Control Transducers 


SOES019 - OCTOBER 1995 


P PACKAGE 
(TOP VIEW) 


LEDK 

LEDA 

PDK1 

PDA1 


NC - No internal connection 



description 

The TIL300 precision linear optocoupler consists of an infrared LED Irradiating an Isolated feedback photodiode 
and an output photodiode In a bifurcated arrangement. The feedback photodiode captures a percentage of the 
flux of the LED and generates a control signal that can be used to regulate the LED drive current. This technique 
Is used to compensate for the nonlinear time and temperature characteristics of the LED. The output-side 
photodiode produces an output signal that is linearly proportional to the servo-optical flux emitted from the LED. 

A typical application circuit (shown In Figure 1) uses an operational amplifier as the Input to drive the LED. The 
feedback photodiode sources current through R1, which Is connected to the Inverting input of the Input 
operational amplifier. The photocurrent lpi assumes a magnitude that satisfies the relationship lpi = V|/R1. The 
magnitude of the current Is directly proportional to the LED current through the feedback transfer gain 
K1 (V|/R1 = K1 X Ip). The operational amplifier supplies LED current to produce sufficient photocurrent to keep 
the node voltage Vb equal to node voltage 


TIL300 



NOTES: A. K1 Is servo current gain, the ratio of the feedback photodiode current (Ipi) to the input LED current (Ip), i.e. k1 = Ip-j/lp 

B. K2 Is forward gain, the ratio of the output photodiode current (Ip2) to the input LED current (Ip), I.e. K2 = lp2/lF 

C. K3 Is transfer gain, the ratio of the forward gain to the servo gain, i.e. K3 = K2/K1. 

Figure 1. Typical Application Circuit 


PRODUCT PREVIEW information concerns products in the formative or 

S phase of development Characteristic data and other 
ations are design goals. Texas instruments reserves the right to 
or discontinue these products without notice. 
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PRODUCT PREVIEW 


TIL300, TIL300A 

PRECISION LINEAR OPTOCOUPLER 


SOES019 - OCTOBER 1995 


Terminal Functions 


TERMINAL 

NAME 

NO. 

I/O 

DESCRIPTION 

LEDK 

1 


LED cathode 

LEDA 

2 


LED anode 

PDK1 

3 


Photodiode 1 cathode 

PDA1 

4 


Photodiode 1 anode 

PDA2 

5 


Photodiode 2 anode 

PDK2 

6 


Photodiode 2 cathode 

NC 

7 


No internal connection 

NC 

8 


No internal connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Emitter 

Continuous power dissipation (see Note 1) . 160 mW 

Input LED forward current, Ip . 60 mA 

Surge current with pulse width < 10 jiis . 250 mA 

Reverse voltage, Vr . 5 V 

Reverse current, Ir ... 10 pA 

Detector 

Continuous power dissipation (see Note 2) . 50 mW 

Reverse voltage, Vr . 50 V 

Coupler 

Continuous power dissipation (see Note 3) . 210 mW 

Storage temperature, Tstg . -55°Cto150°C 

Operating temperature, .. -55°C to 100°C 

Input-to-output voltage . 3500Vpeak 

Lead temperature 1,6 mm (1/16 Inch) from case for 10 seconds . 260°C 

NOTES: 1, Derate linearly from 25°C at a rate of 2.66 mW/°C. 

2. Derate linearly from 25°C at a rate of 0.66 mW/°C. 

3. Derate linearly from 25°C at a rate of 3.33 mW/°C. 
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TIL300, TIL300A 
PRECISION LINEAR OPTOCOUPLER 


SOES019 - OCTOBER 1995 


electrical characteristics at Ta = 25''C 

Emitter 


PARAMETER 

CONDITIONS 

MIN TYPt MAX 

UNIT 

Vp Forward voltage 

lp= 10 mA 

1.25 1.50 

V 

Vp temperature coefficient 


-2.2 

mV/°C 

Ir Reverse current 

Vr = 5 V 

10 

HA 

tr Rise time 

Ip = 10 mA, Alp = 2 mA 

1 

^is 

tf Fall time 

Ip = 10 mA, Alp = 2 mA 

1 

\xs 

Cj Junction capacitance 

Vp = 0, f = 1 MHz 

15 

pF 


Detector 


PARAMETER 

CONDITIONS 

MIN TYPt MAX 

UNIT 

•dK^ Dark current 

Vr = 15V, lp = 0 

25 

nA 

Open circuit voltage 

lp = 10 mA 

0.5 

V 

•os Short circuit current limit 

Ip = 10 mA 

80 

^lA 

Cj Junction capacitance 

Vp = 0, f = 1 MHz 

12 

pF 


Coupler 


PARAMETER 

CONDITIONS 

MIN TYPt MAX 

UNIT 

K1 1 Servo current gain 

Detector bias 
voltage = -15 V 

Ip = 1 mA 

0.3% 0.5% 0.8% 


Ip = 10 mA 

0.5% 0.8% 1.1% 


K2§ Forward current gain 

Ip = 1 mA 

0.3% 0.5% 0.8% 


Ip = 10 mA 

0.5% 0.8% 1.1% 


K3ll Transfer gain 

TIL300 

Ip = 1 mA 

0.75 1 1.25 


Ip = 10 mA 

0.75 1 1.25 


TIL300A 

Ip = 1 mA 

0.9 1 1.10 


Ip = 10 mA 

0.9 1 1.10 


Gain temperature coefficient 

K1/K2 

Ip = 10 mA 

-0.5 

%/°C 

K3 

±0.005 

AK3# Transfer gain linearity 

Ip = 1 to 10 mA 

±0.25% 


Ip = 1 to 10 mA, TA = 0to75°C 

±0.5% 


BW Bandwidth 

Ip = 10 mA, Rl = 50Q, 

•F(MODULATION) 

200 

kHz 

tr Rise time 

Ip = 10 mA, RL = 50a 

IF(MODULATION) 

1.75 

|1S 

tf Fall time 

Ip = 10 mA, Rl = 50U 

•F(MODULATION) 

1.75 

ps 

Viso^ Peak Isolation voltage 

l|O = 10pA, f = 60Hz 

3500 

V 


t This symbol is not currently listed within EIA or JEDEC standards for semiconductor symbology. 

t Servo current gain (K1) is the ratio of the feedback photodiode current (lpi) to the input LED current (Ip) current (Ip), i e. K1 = lpi/lp. 

§ Forward gain (K2 is the ratio of the output photodiode current (Ip 2 ) to the input LED current (Ip), i.e. K2 = lp2/lF 
H Transfer gain (K3) is the ratio of the forward gain to the servo gain, i.e. K3 = K2/K1. 

^Transfer gain linearity (AK3) is the percent deviation of the transfer gain K3 as a function of LED Input current (Ip) or the package temperature. 
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TIL3009THRUTiL3012 

OPTOCOUPLERS/OPTOISOLATORS 

SOES027- DECEMBER 1987- REVISED OCTOBER 1995 


• 250-V Phototriac Driver Output 

• Gallium-Arsenide-Diode Infrared Source 
and Optically-Coupled Silicon Triac Driver 
(Bilateral Switch) 

• UL Recognized ... File Number E65085 

• High Isolation ... 3535 V peak 

• Output Driver Designed for 115 V AC 

• Standard 6-Pin Plastic DIP 

description 

Each device consists of a gallium-arsenide 
infrared-emitting diode optically coupled to a 
silicon phototriac mounted on a 6-pln lead frame 
encapsulated within an electrically nonconductive 
plastic compound. The case withstands soldering 
temperature with no deformation. Device perfor¬ 
mance characteristics remain stable when 
operated in high-humidity conditions. 

absolute maximum ratings at 25°C free-air (unless otherwise noted)t 


Input-to-output peak voltage, 5 s maximum duration, 60 Hz (see Note 1) . 3.535 kV 

Input diode reverse voltage ..3 V 

Input diode forward current, continuous . 50 mA 

Output repetitive peak off-state voltage .. 250 V 

Output on-state current, total rms value (50-60 Hz, full sine wave): 

Ta = 25° ... 100 mA 

Ta = 70° ... 50 mA 

Output driver nonrepetitive peak on-state current 

(tw = 10 ms, duty cycle = 10%, see Figure 7) . 1.2 mA 

Continuous power dissipation at (or below) 25°C free-air temperature: 

Infrared-emitting diode (see Note 2) . 100 mW 

Phototriac (see Note 3) ... 300 mW 

Total device (see Note 4) . 330 mW 

Operating junction temperature range, Tj ... -40°C to 100°C 

Storage temperature range, Tgtg . -40°C to 150°C 

Lead temperature 1,6 mm (1/16 Inch) from case for 10 seconds . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES; 1. Input-to-output peak voltage is the Internal device dielectric breakdown rating. 

2. Derate linearly to 100°C free-aIr temperature at the rate of 1.33 mW/®C. 

3. Derate linearly to 100°C free-aIr temperature at the rate of 4 mW/®C. 

4. Derate linearly to 100°C free-air temperature at the rate of 4.4 mW/®C. 


logic diagram 



TIL30209-TIL3012 ... PACKAGE 
(TOP VIEW) 

ANODE [ S 6 ] MAIN TERM 
CATHODE [2 5 ] TRIAC SUBt 

NC [ 3 4 ] MAIN TERM 


t Do not connect this terminal 
NC - No internal connection 


PRODUCTION DATA Information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of ail parameters. 
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TIL3009THRU TIL3012 
OPTOCOUPLERS/OPTOISOLATORS 


SOES027 - DECEMBER 1987 - REVISED OCTOBER 1995 


electrical characteristics 25°C free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

•r 

static reverse current 


< 

X 

II 

CO 

< 

0.05 

100 

pA 

Vf 

Static forward voltage 


Ip = 10 mA 

1.2 

1.5 

V 

Idrm 

Repetitive off-state current, either direction 


VdRM = 250V, 

See Note 5 

10 

100 

nA 

dv/dt 

Critical rate of rise of off-state voltage 


See Figure 1 

12 

V/ps 

dv/dt(c) 

Critical rate of rise of communication voltage 


Iq = 15 mA, 

See Figure 1 

0.15 

V/|xs 



TIL3009 



15 

30 


•ft 

Input trigger current either direction 

TIL3010 



8 

15 


TIL3011 


5 

10 

mA 



TIL3012 



5 


Vtm 

Peak on-state voltage, either direction 


•TM = 100 mA 

1.8 

3 

V 

•h 

Holding current, either direction 



100 

pA 


NOTE 5: Test voltage must be applied within dv/dt rating. 


PARAMETER MEASUREMENT INFORMATION 

Vcc 



Vin = 30 V riTis 


input 
(see Note A) 


NOTE A. The critical rate of rise of off-state voltage, dv/dt, is measured with the input of 0 volts. The frequency of Vjn is Increased until 
the phototriac turns on. This frequency is then used to calculate the dv/dt according to the following formula: 


dv/dt = 2y23t:fV|^ 

The critical rate of rise of commutating voltage, dv/dt(c), is measured by applying occasional 5-volt pulses to the input and 
increasing the frequency of Vjn until the phototriac remains on (latches) after the input pulse has ceased. With no further Input 
pulses., the frequency of V|n is then gradually decreased until the phototriac turns off. The frequency at which turn-off occurs 
can then be used to calculate the dv/dt(c) according to the formula shown above. 

Figure 1. CRITICAL RATE OF RISE TEST CIRCUIT 
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TIL3009THRU TIL3012 
OPTOCOUPLERS/OPTOISOLATORS 


SOES027 - DECEMBER 19 87 - REVISED OCTOBER 1995 

TYPICAL CHARACTERISTICS 


EMITTING DIODE TRIGGER CURRENT (NORMALIZED) 
vs 



-50 -25 0 25 50 75 100 


ON-STATE CHARACTERISTICS 



T/v - Free-Air Temperature - °C 


Vtm “ Peak On-State Voltage - V 


Figure 2 

CRITICAL RATE OF RISE OF OUTPUT VOLTAGE 

OFF-STATE dv/dt AND COMMUTATING dv/dt(c) 


vs 


A 

I 


S 

cn 


LOAD RESISTANCE 


Ta = 2£ 
See Fic 

>X 
jure 2 

O 

Y-State 








Comi 

nutating 











_1 

Iv/dt 

lv/dt(c) 


0 0.4 0.8 1.2 1.6 2 


0.20 



0.12 I 

I 

E 

o 


0.08 


0.04 


Rl “ Load Resistance - kQ 


Figure 3 

CRITICAL RATE OF RISE OF OUTPUT VOLTAGE 
OFF-STATE dv/dt AND COMMUTATING dv/dt(c) 
vs 

FREE-AIR TEMPERATURE 



25 50 75 100 

- Free-Air Temperature - °C 


Figure 4 


Figure 5 
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lv/dt(c) 






TIL3009THRUTIL3012 

OPTOCOUPLERS/OPTOISOLATORS 


SOES027- DECEMBER 1987 - REVISED OCTOBER 1995 

TYPICAL CHARACTERISTICS 


RMS APPLIED VOLTAGE 
(FOR dv/dt(c) = 0.15 V/^is) 
vs 

FREQUENCY 



< 

£ 

I 


3 

o 


(/> 

£ 

o 


I 

s 

<fi 


NONREPETITIVE PEAK ON-STATE CURRENT 


vs 



0.01 0.1 1 10 100 
tw - Pulse Duration - ms 

Figure 7 
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TIL3009THRU TIL3012 
OPTOCOUPLERS/OPTOISOLATORS 


SOES027 - DECEMBER 1987 - REVISED OCTOBER 1995 

APPLICATION INFORMATION 



IqY < 15 mA 

Figure 9. Inductive Load With Sensitive-Gate Traic 



15 mA < Iqj < 50 mA 

Figure 10. Inductive Load With Nonsensitive-Gate Triac 
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TIL3009THRU TIL3012 
OPTOCOUPLERS/OPTOISOLATORS 


SOES027 - DECEMBER 1987 - REVISED OCTOBER 1995 


MECHANICAL INFORMATION 



NOTES: 


A. Leads are within 0,13 mm (0.005 inch) radius of true position (TP.) with maximum material condition and unit installed. 

B. Pin 1 identified by index dot. 

C. Terminal connections: 

1. Anode (part of infrared-emitting diode) 

2. Cathode (part of infrared-emitting diode) 

3. No internal connection 

4. Main terminal (part of phototriac) 

5. Triac Substrate (DO NOT connect) (part of phototriac) 

6. Main terminal (part of phototriac) 

D. The dimensions given fall within JEDEC MO-001 AM dimensions. 

E. All linear dimensions are given in millimeters and parenthetically given in inches. 


Figure 11. Mechanical Information 
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TIL3020THRU TIL3023 
OPTOCOUPLERS/OPTOISOUTORS 

SOES028- DECEMBER 1987- REVISED OCTOBER 1995 


• 400>V Phototriac Driver Output 

• Gallium-Arsenide-Diode Infrared Source 
and Optically-Coupled Silicon Triac Driver 
(Bilateral Switch) 

• UL Recognized ... File Number E65085 

• High Isolation ... 3535 V peak 

• Output Driver Designed for 220 V AC 

• Standard 6-Pln Plastic DIP 

description 

Each device consists of a gallium-arsenide 
infrared-emitting diode optically coupled to a 
silicon phototriac mounted on a 6-pin lead frame 
encapsulated within an electrically nonconductive 
plastic compound. The case withstands soldering 
temperature with no deformation. Device perfor¬ 
mance characteristics remain stable when 
operated in high-humidity conditions. 

absolute maximum ratings at 25'’C free-aIr (unless otherwise notedi)t 


Input-to-output peak voltage, 5 s maximum duration, 60 Hz (see Note 1) ... 3.535 kV 

Input diode reverse voltage . 3 V 

Input diode forward current, continuous ... 50 mA 

Output repetitive peak off-state voltage . 250 V 

Output on-state current, total rms value (50-60 Hz, full sine wave): 

Ta = 25°C ... 100 mA 

Ta = 70°C .. 50 mA 

Output driver nonrepetitive peak on-state current 

(tyv = 10 ms, duty cycle = 10%, see Figure 7) . 1.2 mA 

Continuous power dissipation at (or below) 25°C free-air temperature: 

Infrared-emitting diode (see Note 2) . 100 mW 

Phototriac (see Note 3) .. 300 mW 

Total device (see Note 4) . 330 mW 

Operating junction temperature range, Tj . -40°C to 100°C 

Storage temperature range, Tgtg . -40°C to 150°C 

Lead temperature 1,6 mm (1/16 Inch) from case for 10 seconds ... 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. Input-to-output peak voltage is the internal device dielectric breakdown rating. 

2. Derate linearly to lOO'^C free-air temperature at the rate of 1.33 mW/®C. 

3. Derate linearly to 100°C free-air temperature at the rate of 4 mW/°C. 

4. Derate linearly to 100°C free-air temperature at the rate of 4.4 mW/'"C. 


logic diagram 



TIL3020-TIL3023 ... PACKAGE 
(TOP VIEW) 

ANODE [ °1 6 ] MAIN TERM 

CATHODE [2 5 ] TRIAC SUBt 

NO [ 3 4 ] MAIN TERM 


t Do not connect this terminal 
NC - No internal connection 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of ail parameters. 
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TIL3020THRUTIL3023 

OPTOCOUPLERS/OPTOISOLATORS 


SOES028 - DECEMBER 1987 - REVISED OCTOBER 1995 


electrical characteristics 25°C free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

Ir 

Static reverse current 


> 

CO 

II 

oc 

> 

0.05 

100 


Vf 

static forward voltage 


Ip = 10 mA 

1.2 

1.5 

V 

•drm 

Repetitive off-state current, either direction 


VdRM = 250V, 

See Note 5 

10 

100 

nA 

dv/dt 

Critical rate of rise of off-state voltage 


See Figure 1 

100 

V/^s 

dv/dt(c) 

Critical rate of rise of communication voltage 


Iq = 15 mA, 

See Figure 1 

0.15 

y/[LS 



TIL3020 



15 

30 


•ft 

Input trigger current, either direction 

TIL3021 

Output supply voltage = 3 V 

8 

15 

mA 

TIL3022 

5 

10 



TIL3023 



3 

5 


Vtm 

Peak on-state voltage, either direction 


•tM = 100 mA 

1.4 

3 

V 

•h 

Holding current, either direction 



100 

liA 


NOTE 5: Test voltage must be applied at a rate no higher than 12 V/ps. 


PARAMETER MEASUREMENT INFORMATION 


Input 
(see Note A) 


Vcc 



NOTE A. The critical rate of rise of off-state voltage, dv/dt, is measured with the input of 0 volts. The frequency of Vj^ is increased until 
the phototriac turns on. This frequency is then used to calculate the dv/dt according to the following formula: 

dv/dt = 2y2jtfV||^ 

The critical rate of rise of commutating voltage, dv/dt(c), is measured by applying occasional 5-volt pulses to the input and 
increasing the frequency of Vjp until the phototriac remains on (latches) after the input pulse has ceased. With no further input 
pulses., the frequency of Vj^ is then gradually decreased until the phototriac turns off. The frequency at which turn-off occurs 
can then be used to calculate the dv/dt(c) according to the formula shown above. 

Figure 1. Critical Rate of Rise Test Circuit 
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TIL3020THRU TIL3023 
OPTOCOUPLERS/OPTOISOLATORS 


SOES028 - DECEMBER 1987 - REVISED OCTOBER 1995 

TYPICAL CHARACTERISTICS 


EMITTING DIODE TRIGGER CURRENT (NORMALIZED) 


vs 



-50 -25 0 25 50 75 100 

T/v “ Free-Air Temperature - °C 



-3-2-10 1 2 3 


VjM “ On-State Voltage - V 


Figure 2 


Figure 3 



NONREPETITIVE PEAK ON-STATE CURRENT 


vs 



0.01 0.1 1 10 100 
tw - Pulse Duration - ms 


Figure 4 


Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


7-59 






TIL3020THRUTIL3023 

OPTOCOUPLERS/OPTOISOLATORS 

SOES028 - DECEMBER 1987 - REVISED OCTOBER 1995 

APPLICATION INFORMATION 



IqT < 15 mA 

Figure 6. Inductive Load With Sensitive-Gate Traic 



15 mA < Iqt < 50 mA 

Figure 7. Inductive Load With Nonsensitive-Gate Triac 
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TIL3020THRUTIL3023 

OPTOCOUPLERS/OPTOISOLATORS 


SOES028 - DECEMBER 1987 - REVISED OCTOBER 1995 

MECHANICAL INFORMATION 



NOTES: A. 

B. 

C. 


D. 

E. 


Leads are within 0,13 (0.005) radius of true position (TP.) with maximum material condition and unit installed. 
Pin 1 identified by index dot. 

Terminal connections: 

1. Anode (part of the infrared-emitting diode) 

2. Cathode (part of the infrared-emitting diode) 

3. No internal connection 

4. Main terminal (part of the phototransistor) 

5. Triac Substrate (DO NOT connect) (part of the phototransistor) 

6. Main terminal (part of the phototransistor) 

The dimensions given fall within JEDEC MO-001 AM dimensions. 

All linear dimensions are given in millimeters and parenthetically given in inches. 


Figure 8. Mechanical Information 
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TPS5904, TPS5904A 
OPTO-ISOLATED FEEDBACK AMPLIFIERS 

SOES016A- MAY 1995 - REVISED OCTOBER 1995 


• TL431 Precision Programmabie Reference 
and an Optocoupier in a Singie Package 

• 0.4% Voitage-Reference Toierance 

• Controiied Optocoupier CTRs: 

TPS5904 100% to 400% 

TPS5904A 150% to 300% 

• High Withstand Voltage (WTV), 7500 V Peak 
for 1 Minute 

• UL Recognized - File #E65085 

• VDE 884 Agency Approval Pending 

description 

The TPS5904 and TPS5904A opto-isolated feedback amplifiers consist of the industry standard TL431 
precision programmable reference with a 0.4% reference voltage tolerance, and an optocoupier. The devices 
are primarily intended for use as the error-amplifier/reference/lsolation-amplifier element in isolated ac-to-dc 
power supplies and dc-to-dc converters. The optocoupier is a gallium-arsenide (GaAs) light-emitting diode that 
emits at a wavelength of 940 nm, combined with a silicon phototransistor. The current transfer ratio (CTR) 
ranges from 100% to 400% in the standard version. The TPS5904A version with a 150%-to-300% CTR is 
available for higher-performance applications. When using the TPS5904 or TPS5904A, power-supply 
designers can reduce component count and save space In tightly packaged designs. The tight-tolerance 
reference eliminates the need for adjustments in many applications. 

The TPS5904 and TPS5904A are characterized for operation from -40°C to 100°C. Each device is supplied 
in an 8-pin DIP package. 

typical application 



P PACKAGE 
(TOP VIEW) 

j —n —L 

LED [ 1 ^ 8 ] NC 

COMP[2 7]C 

GND[3 6 ] E 

FB [ 4 5 ] NC 


NC - No internal connection 



PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 


Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


Copyright © 1995, Texas Instruments Incorporated 


7-63 








TPS5904, TPS5904A 

OPTO-iSOLATED FEEDBACK AMPLIFIERS 


SOES016A- MAY 1995 - REVISED OCTOBER 1995 

functional block diagram 

LED 

COMP 
FB 
GND 

Terminal Functions 




Phototransistor collector 


Light-emitting diode and TL431 cathodes 


Phototransistor emitter 


Light-emitting diode anode 


No connection 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)t 


Input power dissipation at (or below) = 25°C (see Note 1) . 

Input LED current, I|(leD) ... 

Input LED voltage, V|(led) • .. 

Input diode reverse voltage .. 

Output power dissipation at (or below) = 25°C (see Note 2) . 

Output collector-to-emitter voltage ... 

Output emitter-to-collector voltage . 

Output collector current .. 

Total continuous power dissipation at (or below) = 25°C (see Note 3) 

Operating free-air temperature range, .. 

Storage temperature range, Tgtg ... 

Total input-to-output voltage .. 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . 

Flammability .... 


. 250 mW 

. 50 mA 

. 37 V 

. 6V 

. 150 mW 

. 35 V 

.. 7V 

. 50 mA 

. 350 mW 

. -40°Cto100°C 

. -55°Cto150°C 

7.5 kV peak or dc (5.3 kVrms) 

... 260°C 

.. (see Note 4) 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. Derate linearly from 25°C at a rate of 2.95 mW/°C. 

2. Derate linearly from 25°C at a rate of 1.76 mW/°C. 

3. Derate linearly from 25°C at a rate of 4.12 mW/°C. 

4. Optocoupler total-package flame retardancy is tested to IEC695-2-2 using a flame application time of 30 seconds. Outer mold 
compound is verified to meet UL 94V-0. 
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TPS5904, TPS5904A 
OPTO-ISOLATED FEEDBACK AMPLIFIERS 


SOES016A-MAY 1995 - REVISED OCTOBER 1995 


electrical characteristics, Ta = 25°C (unless otherwise noted) 
input 


PARAMETER 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

Vp 

Light-emitting diode forward voltage 

VO(COMP) = V|(FB). 

See Figure 1 

l|(LED) = 10mA, 

1.2 

1.4 

V 

Ir 

Light-emitting diode reverse current 

Vr = 6V 

10 

[lA 

Vref 

Reference voltage 

VO(COMP) = V|(FB). 

See Figure 1 

l|(LED) = 10mA, 

2.49 2.5 

2.51 

V 

Vref(dev) 

Deviation of reference voltage over 
temperature 

VO(COMP) = V|(FB). 

TA = 25°Cto100°C, 

l|(LED) = 10mA, 

See Figure 1 

25 

mV 

AVref 

AV|(leD) 

Ratio of reference voltage change-to- 
change in input light-emitting-diode voltage 

AV|(leD) = 4 V to 37 V, 
See Figure 2 

l|(LED) = 10mA, 

-1.1 

-2 

mV/V 

'I(FB) 

Feedback input current 

l|(LED) = 10mA, 

See Figure 2 

R3 = lOkQ, 

1.5 

3 

pA 

1 ref (dev) 

Deviation of reference input current over 
temperature 

l|(LED) = 10nriA, 

TA = 25°Cto 100°C, 

R3= lOkQ, 

See Figure 3 

0.5 

^lA 

iDRV(min) 

Minimum drive current 

VofCOMP) = V|(FB). 

See Figure 1 

0.45 

1 

mA 

l|(off) 

Off-state input light-emitting-diode current 

V|(LED) = 37 V, 

See Figure 4 

V|(FB) = 0. 

0.18 

0.5 

pA 

IZkalt 

Regulator output impedance 

VO(COMP) = V|(FB). f ^ 1 kHz, 

■O(COMP) = 1 mA to 50 mA 

0.1 

a 


t This symbol is not currently listed within EIA or JEDEC standards for semiconductor symbology. 

output 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

'CEO 

Collect dark current 

VcE = 35 V, See Figure 5 

100 

nA 

V(BR)ECO 

Emitter-collector voltage breakdown 

Ie = 100 |iA 

7 

V 


coupler 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

CTR Current transfer ratio 

TPS5904 

VO(COMP) = V|(FB). I|(LED) = 5 mA, 

VcE = 5 V, See Figure 6 

100% 400% 


TPS5904A 

150% 300% 


VcE(sat) Collector-emitter saturation voltage 

VO(COMP) = V|(FB). I|(LED) = 10 mA, 

Iq = 1 mA, See Figure 6 

0.1 0.2 

V 

Vjso'^’ Isolation voltage 

l|O = 10^iA, f = 60Hz 

7500 

V 

Cjo Input to output capacitance 

V|o = 0, f = 1 kHz 

0.6 

pF 


t This symbol is not currently listed within EIA or JEDEC standards for semiconductor symbology. 
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TPS5904, TPS5904A 

OPTO-ISOLATED FEEDBACK AMPLIFIERS 


SOES016A-MAY 1995-REVISED OCTOBER 1995 


PARAMETER MEASUREMENT INFORMATION 



Figure 1. Vref, Vp, Imin Test Circuit Figure 2. AVref/AV|(LED) Test Circuit 



Figure 5. Iceo Test Circuit 


Figure 6. CTR, VcE(sat) Test Circuit 
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TPS5904, TPS5904A 
OPTO-ISOLATED FEEDBACK AMPLIFIERS 


SOES016A~ MAY 1995 - REVISED OCTOBER 1995 

TYPICAL CHARACTERISTICS 


INPUT LIGHT-EMITTiNG-DIODE CURRENT 


vs 



0 0.5 1 1.5 2 2.5 3 

Vref - Reference Voltage - V 

Figure 7 

REFERENCE VOLTAGE 


vs 



-50 -25 0 25 50 75 100 

Ta “ Free-Air Temperature - ®C 


INPUT LIGHT-EMITTING-DIODE CURRENT 


< 

E 

8 


3 

o 


Q 

dr> 

c 

’B 

1 


a 

UJ 

d. 


60 

50 

40 

30 

20 

10 

0 

0 0.5 1 1.5 2 2.5 3 

Vref ~ Reference Voltage - V 


vs 

REFERENCE VOLTAGE 


VO(C 
Ta = 

OMP) = 
25®C 

— 

V|(FB) 
































_^ 



Figure 8 

RATIO OF DELTA REFERENCE 
VOLTAGE TO DELTA LED VOLTAGE 
vs 

FREE-AIR TEMPERATURE 



Ta - Free-AIr Temperature - ®C 


Figure 9 


Figure 10 
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TPS5904, TPS5904A 

OPTO-ISOLATED FEEDBACK AMPLIFIERS 


SOES016A- MAY 1995 - REVISED OCTOBER 1995 


TYPICAL CHARACTERISTICS 


REFERENCE CURRENT 


vs 



-25 0 25 50 75 100 

Ta - Free-Air Temperature - °C 

Figure 11 


COLLECTOR DARK CURRENT 
vs 

FREE-AIR TEMPERATURE 



-50 -25 0 25 50 75 100 

Ta - Free-Air Temperature - °C 


OFF-STATE INPUT 
LIGHT-EMITTING-DIODE CURRENT 


vs 



-50 -25 0 25 50 75 100 

Ta - Free-Air Temperature - °C 

Figure 12 


NORMALIZED CURRENT TRANSFER RATIO 
RELATIVE TO VALUE AT Ta = 25°C 
vs 



-50 -25 0 25 50 75 100 

Ta - Free-Air Temperature - °C 


Figure 13 


Figure 14 
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TPS5904, TPS5904A 
OPTO-ISOLATED FEEDBACK AMPLIFIERS 


SOES016A- MAY 1995 - REVISED OCTOBER 1995 

TYPICAL CHARACTERISTICS 


CURRENT TRANSFER RATIO 
vs 

INPUT LIGHT-EMITTING-DIODE CURRENT 



1 2 3 5 10 20 30 50 

I|(I_ED) ~ Input Light-Emitting-Diode Current - mA 

Figure 15 


COLLECTOR-TO-EMITTER SATURATION VOLTAGE 
vs 

FREE-AIR TEMPERATURE 



T>\ Free-Air Temperature - °C 


Figure 16 


INPUT LIGHT-EMITTING-DIODE FORWARD CURRENT 


vs 



Figure 17 
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• Output Current... 100 mA 

• Low Loss ... 1.1 V at 100 mA 

• Operating Range... 3.5 V to 15 V 

• Reference and Error Amplifier for 
Regulation 

• External Shutdown 

• External Oscillator Synchronization 

• Devices Can Be Paralleled 

• Pin Compatible With the LTC1044/7660 

description 

The LT1054 is a monolithic, bipolar, switched- 
capacitor voltage converter with regulator. It 
provides higher output current and significantly 
lower voltage losses than previously available 
converters. An adaptive switch drive scheme 
optimizes efficiency over a wide range of output 
currents. Total voltage drop at 100-mA output 
current is typically 1.1V. This holds true over the 
full supply voltage range of 3.5 V to 15 V. 
Quiescent current Is typically 2.5 mA. 

The LT1054 also provides regulation, a feature not 
previously available In switched-capacitor voltage 
converters. By adding an external resistive 
divider, a regulated output can be obtained. This 
output is regulated against changes in both input 
voltage and output current. The LT1054 can also 
be shut down by grounding the feedback terminal. 
Supply current in shut-down is typically 100 pA. 

The Internal oscillator of the LT1054 runs at a 
nominal frequency of 25 kHz. The oscillator 
terminal can be used to adjust the switching 
frequency or to externally synchronize the 
LT1054. 


LT1054, LT1054Y 
SWITCHED-CAPACITOR VOLTAGE CONVERTERS 

WITH REGULATOR 

SLVS033B - FEBRUARY 1990 - REVISED AUGUST 1995 


P PACKAGE 
(TOP VIEW) 


FB/SD[ 

7^ 


] Vcc 

CAP+[ 

2 

7 

]OSC 

GND[ 

3 

6 

] Vref 

CAP -[ 

4 

5 

] VquT 


DW PACKAGE 
(TOP VIEW) 


FB/SD[ 3 
CAP+[ 4 
GND[ 5 
CAP-[ 6 
NC[ 7 

NCr 8 


16]NC 
15 ] NC 
14 ] Vcc 
13 ] OSC 
12 ] Vref 
11 ] VoUT 
10]NC 
9 INC 


NC - No internal connection 

VOLTAGE LOSS 
vs 

OUTPUT CURRENT 


3.5 V<Vcc^15 V 
1.8 H Ci = Co = 100^iF 


Tj = 125°C 


Tj = 25°C 


AVAILABLE OPTIONS 



PACKAGED DEVICES 


Ta 

SMALL 

OUTLINE 

(DW) 

PLASTIC 

DIP 

(P) 

CHIP 

FORM 

(Y) 

0°C to 70°C 

LT1054CDW 

LT1054CP 

LT1054Y 

-40°C to 85°C 

LT1054IDW 

LT1054IP 

— 


The DW package is available taped and reeled. Add the suffix R to the 
device type, (i.e., LT1054CDWR). 


0 10 20 30 40 50 60 70 80 90 100 

Output Current - mA 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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LT1054, TL1054Y 
SWITCHED-CAPACITOR VOLTAGE CONVERTERS 

WITH REGULATOR 

SLVS033B - FEBRUARY 1990 - REVISED AUGUST 1995 


LT1054Y chip information 

This chip, when properly assembled, displays characteristics similar to the LT1054. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum bonding pads. The chip may be mounted with 
conductive epoxy or a gold-silicon preform. 
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LT1054, TL1054Y 

SWITCHED-CAPACITOR VOLTAGE CONVERTERS 
WITH REGULATOR 

SLVS033B-FEBRUARY 1990 - REVISED AUGUST 1995 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage, Vqq (see Note 1) ....... 16V 

Input voltage range, V| (FB/SD terminal) ... 0 V to Vqq 

Input voltage range, V| (OSC terminal) ..... . 0 V to V^ef 

Junction temperature (see Note 2) Tj: LT1054C . 125°C 

LT1054I .. 135°C 

Operating free-air temperature range, T^: LT1054C .. 0°C to 70°C 

LT1054I ... -40°Cto85°C 

Storage temperature range, Tgtg ......... -55°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .... 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The absolute maximum supply voltage rating of 16 V is for unregulated circuits. For regulation mode circuits with Vquj < 15 V, this 
rating may be Increased to 20 V. 

2. The devices are functional up to the absolute maximum junction temperature. 


recommended operating conditions 



MIN 

MAX 

UNIT 

Supply voltage, Vqc 

3.5 

15 

V 

Operating free-air temperature range, Ta 

LT1054C 

0 

70 

op 

LT1054I 

-40 

85 

L/ 


eiectricai characteristics over recommended operating conditions (uniess otherwise noted) 


PARAMETER 




Ta'*’ 

LT1054C, LT1d54l 





MIN 

TYP* 

MAX 


Vo 

Regulated output voltage 

VcC = 7 V, Tj = 25X, 

RL = 500 Q, 

See Note 3 

25°C 

Ba 

-5 

-5.2 

V 

Input regulation 

VcC = 7Vto12V, 

RL = 500 Q, 

See Note 3 

Full range 


5 

25 

mV 

Output regulation 

VcC = 7V, 

See Note 3 

RL=100ilto500a 

Full range 


10 

50 

mV 


Voltage loss, Vnn -1 Vnl 



Iq = 10 mA 

Full range 


0.35 

0.55 



(see Note 4) 


IO = 100 mA 

Full range 


1.1 

1.6 


Output resistance 

AIq = 10 mAto 100 mA 

See Note 5 


Full range 


10 

15 

a 

Oscillator frequency 

Vqc = 3.5 V to 15 V 

Full range 

15 

25 

35 

kHz 

Vref 

Reference voltage 

•(REF) = 60 pA 

25°C 

2.35 

2.5 

2.65 

\/ 

Full range 

2.25 


2.75 

V 

Maximum switch current 


25X 

300 

mA 

Icc 

Supply current 

io = o 

Vqc = 3.5 V 

Full range 


2.5 

3.5 

mA 

Vqc = 15 V 

Full range 


3 


Supply current In 
shut-down 

V(FB/SD) = 0 V 

Full range 


100 

150 

pA 


t Full range is to 70®C for the LT1054C and -40°C to 85°C for the LT10541. 
t All typical values are at T^ = 25°C. 


NOTES: 3. All regulation specifications are for a device connected as a positive-to-negative converter/regulator with R1 = 20 kQ, 
R2 = 102.5 external capacitor C in = 10 pF (tantalum), external capacitor Cqut= 1 0 OpF (tantalum) and Cl = 0.002 pF (see Figure 

15). 

4. For voltage-loss tests, the device is connected as a voltage Inverter, with terminals 1,6, and 7 unconnected. The voltage losses may 
be higher In other configurations. C|n and Cqut ^•'6 external capacitors. 

5. Output resistance is defined as the slope of the curve (AVq versus AIq) for output currents of 10 mA to 100 mA. This represents the 
linear portion of the curve. The incremental slope of the curve will be higher at currents less than 10 mA due to the characteristics 
of the switch transistors. 
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LT1054, TL1054Y 
SWITCHED-CAPACITOR VOLTAGE CONVERTERS 

WITH REGULATOR 

SLVS033B - FEBRUARY 1990 - REVISED AUGUST 1995 


electrical characteristics over recommended operating conditions, = 25''C (unless otherwise 
noted) 


PARAMETER 

TEST CONDITIONS 

LT1054Y 

UNIT 

MIN TYP MAX 

Vq Regulated output voltage 

Vcc = 7V, Tj = 25°C, Rl = 500Q, See Note 3 

-5 

V 

Input regulation 

Vcc = 7Vto12V, RL = 500a, See Note 3 

5 

mV 

Output regulation 

VCC = 7 V, RL = 100 Q to 500 Q, 

See Note 3 

10 

mV 

Voltage loss, Vqc -1 VqI (see Note 4) 

C| = Co = 100 pF tantalum 

Iq = 10 mA 

0.35 

V 

Iq = 100 mA 

1.1 

Output resistance 

AIq = 10 mA to 100 mA See Note 5 

10 

Q 

Oscillator frequency 

Vcc = 3.5Vto15V 

25 

kHz 

Vref Reference voltage 

I(rEF) = 60 pA 

2.5 

V 

Maximum switch current 


300 

mA 

Iqq Supply current 

io = o 

VCC = 3.5V 

2.5 

mA 

VCC = 15V 

3 

Supply current in shut-down 

V(FB/SD) = 0 V 

100 

pA 


NOTES: 3 All regulation specifications are for a device connected as a positive-to-negative converter/regulator with R1 = 20 kQ, R2 = 102.5 
kQ, external capacitor C|n = 10 pF (tantalum), external capacitor CqijT = 100 pF (tantalum) and Cl = 0.002 pF (see Figure 15). 

4 For voltage-loss tests, the device is connected as a voltage inverter, with terminals 1,6, and 7 unconnected. The voltage losses may 
be higher in other configurations. C||sj and CoUT external capacitors. 

5 Output resistance is defined as the slope of the curve (AVq versus AIq) for output currents of 10 mA to 100 mA. This represents the 
linear portion of the curve. The incremental slope of the curve will be higher at currents less than 10 mA due to the characteristics 
of the switch transistors. 
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LT1054, TL1054Y 

SWITCHED-CAPACITOR VOLTAGE CONVERTERS 
WITH REGUUTOR 


SLVS033B - FEBRUARY 1990 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTICS 


Table of Graphs 



Shutdown threshold voltage 

vs Free-air temperature 

•CC Supply current 

vs Input voltage 

fOSC Oscillator frequency 

vs Free-air temperature 

Supply current in shutdown 

vs Input voltage 

Average supply current 

vs Output current 

Output voltage loss 

vs Input capacitance 

Output voltage loss 

vs Oscillator frequency (10 pF) 

Output voltage loss 

vs Oscillator frequency (100 p-F) 

Vo Regulated output voltage 

vs Free-air temperature 

AVref Reference voltage change 

vs Free-air temperature 



Table of Figures 
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LT1054, TL1054Y 
SWITCHED-CAPACITOR VOLTAGE CONVERTERS 

WITH REGULATOR 

SLVS033B- FEBRUARY 1990 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTICSt 


SHUTDOWN THRESHOLD VOLTAGE 
vs 

FREE-AIR TEMPERATURE 



Figure 1 


OSCILLATOR FREQUENCY 


vs 



Ta - Free-Air Temperature - °C 

Figure 3 


< 

E 



SUPPLY CURRENT 


vs 



0 5 10 15 


Vcc " Input Voltage - V 


Figure 2 

SUPPLY CURRENT IN SHUTDOWN 


vs 



0 5 10 15 

Vcc " Input Voltage - V 

Figure 4 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LT1054, TL1054Y 

SWITCHED-CAPACITOR VOLTAGE CONVERTERS 
WITH REGULATOR 

SLVS033B - FEBRUARY 1990 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTICS 


AVERAGE SUPPLY CURRENT 


< 

E 


I 

c 


£ 


vs 



0 20 40 60 80 100 

Iq - Output Current - mA 


Figure 5 


OUTPUT VOLTAGE LOSS 


vs 



1 10 100 


Oscillator Frequency - kHz 


OUTPUT VOLTAGE LOSS 
vs 

INPUT CAPACITANCE 



Input Capacitance - fiF 


Figure 6 


OUTPUT VOLTAGE LOSS 
vs 



1 10 100 
Oscillator Frequency - kHz 


Figure 7 


Figure 8 
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LT1054, TL1054Y 
SWITCHED-CAPACITOR VOLTAGE CONVERTERS 

WITH REGULATOR 

SLVS033B - FEBRUARY 1990 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTICSt 


REGULATED OUTPUT VOLTAGE 

VS 

FREE-AIR TEMPERATURE 



REFERENCE VOLTAGE CHANGE 
vs 



Ta - Free-Air Temperature - °C 


Figure 9 Figure 10 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 


PRINCIPLES OF OPERATION 


A review of a basic switched-capacitor building block is helpful In understanding the operation of the LT1054. 
When the switch shown in Figure 11 is In the left position, capacitor Cl charges to the voltage at VI. The total 
charge on Cl is q1 = Cl VI. When the switch is moved to the right, Cl is discharged to the voltage at V2. After 
this discharge time, the charge on Cl Is q2 = Cl V2. The charge has been transferred from the source VI to the 
output V2. The amount of charge transferred is as shown in equation 1. 

Aq = q1 - q2 = C1(V1 -V2) (1) 

If the switch is cycled f times per second, the charge transfer per unit time (i.e., current) Is as shown in equation 2. 

l = fxAq = fxC1(V1 -V2) (2) 

To obtain an equivalent resistance for a switched-capacitor network, this equation can be rewritten in terms of 
voltage and impedance equivalence as shown in equation 3. 



Figure 11. Switched>Capacitor Building Block 
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LT1054, TL1054Y 

SWITCHED-CAPACITOR VOLTAGE CONVERTERS 
WITH REGULATOR 

SLVS033B - FEBRUARY 1990 - REVISED AUGUST 1995_ 


PRINCIPLES OF OPERATION 

Anewvariable, Requiv> isdefinedasREQ[jjv = 1 .The equivalent circuit fortheswitched-capacitor network 
is as shown in Figure 12. The LT1054 has the same switching action as the basic switched-capacitor building 
block. Even though this simplification does not include finite switch-on resistance and output-voltage ripple, it 
provides an insight into how the device operates. 

These simplified circuits explain voltage loss as a function of oscillator frequency (see Figure 7). As oscillator 
frequency is decreased, the output impedance is eventually dominated by the 1/fC1 term and voltage losses 
rise. 

Voltage losses also rise as oscillator frequency Increases. This is caused by internal switching losses that occur 
due to some finite charge being lost on each switching cycle. This charge loss per-unit-cycle, when multiplied 
by the switching frequency, becomes a current loss. At high frequency, this loss becomes significant and voltage 
losses again rise. 

The oscillator of the LT1054 is designed to run in the frequency band where voltage losses are at a minimum. 


Requiv 


1 ^ 

} - f- 

C2 1 Rl 

“ fC1 

1 


V2 


V1 

Requiv = 

Figure 12. Switched-Capacitor Equivalent Circuit 


terminal functions (see functional block diagram) 

Supply voltage Vqq alternately charges C|n to the input voltage when C|n Is switched in parallel with the input 
supply and then transfers charge to Cqut when C|n is switched in parallel with Cqijt Switching occurs at the 
oscillator frequency. During the time that C|n is charging, the peak supply current is approximately 2.2 times the 
output current. During the time that C|n is delivering a charge to CouT the supply current drops to approximately 
0.2 times the output current. An input supply bypass capacitor supplies part of the peak input current drawn by 
the LT1054, and averages out the current drawn from the supply. A minimum input supply bypass capacitor of 
2 |iF, preferably tantalum or some other low equivalent-series-resistance (ESR) type, is recommended. A larger 
capacitor Is desirable in some cases. An example is when the actual input supply is connected to the LT1054 
through long leads or when the pulse currents drawn by the LT1054 might affect other circuits through supply 
coupling. 

In addition to being the output terminal, Vqut ‘s tied to the substrate of the device. Special care must be taken 
in LT1054 circuits to avoid making Vqut positive with respect to any of the other terminals. For circuits with the 
output load connected from Vqq to Vqut or from some external positive supply voltage to Vqut external 
transistor must be added (see Figure 13). This transistor prevents Vqut t^om being pulled above GND during 
start-up. Any small general-purpose transistor such as a 2N2222 or a 2N2219 device can be used. Resistor R1 
should be chosen to provide enough base drive to the external transistor so that it is saturated under nominal 
output voltage and maximum output current conditions. 

R1 ^ (J!oyii)i (4) 

'out 
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LT1054, TL1054Y 
SWITCHED-CAPACITOR VOLTAGE CONVERTERS 

WITH REGULATOR 


SLVS033B - FEBRUARY 1990 - REVISED AUGUST 1995 


APPLICATION INFORMATION 



FB/SD 

Vcc 

CAP + 

OSC 

LT1054 


GND 

Vref 

CAP- 

Vqut 


V|N 

-i- 


LOAD 


R1 


VoUT 




1 

•T 


CoUT 


Figure 13. Circuit with Load Connected from Vqq to Vqut 

The voltage reference (V^ef) output provides a 2.5-V reference point for use in LT1054-based regulator circuits. 
The temperature coefficient (TC) of the reference voltage has been adjusted so that the TC of the regulated 
output voltage Is near zero. As seen in the typical performance curves, this requires the reference output to have 
a positive TC. This non-zero drift is necessary to offset a drift term Inherent in the internal reference divider and 
comparator network tied to the feedback terminal. The overall result of these drift terms Is a regulated output 
that has a slight positive TC at output voltages below 5 V and a slight negative TC at output voltages above 5 
V. For regulator feedback networks, reference output current should be limited to approximately 60 pA. Vref 
draws approximately 100 pA when shorted to ground and does not affect the internal reference/regulator. This 
terminal can also be used as a pullup for LT1054 circuits that require synchronization. 

CAP+ is the positive side of input capacitor C|n and is alternately driven between Vqq and ground. When driven 
to Vqc, CAP+ sources current from Vqq, When driven to ground, CAP+ sinks current to ground. CAP- is the 
negative side of the Input capacitor and is driven alternately between ground and Vout- When driven to ground, 
CAP- sinks current to ground. When driven to Vqut CAP- sources current from CouT cases, current flow 

In the switches is unidirectional, as should be expected when using bipolar switches. 

The CSC can be used to raise or lower the oscillator frequency or to synchronize the device to an external clock. 
Internally, CSC Is connected to the oscillator timing capacitor (Ct ^ 150 pF), which is alternately charged and 
discharged by current sources of ±7 pA, so that the duty cycle Is approximately 50%. The LT1054 oscillator is 
designed to run in the frequency band where switching losses are minimized. However, the frequency can be 
raised, lowered, or synchronized to an external system clock if necessary. 

The frequency can be increased by adding an external capacitor (C2 In Figure 14) in the range of 5 pF - 20 pF 
from CAP+ to OSC. This capacitor couples a charge into Ct at the switch transitions. This shortens the charge 
and discharge time and raises the oscillator frequency. Synchronization can be accomplished by adding an 
external pullup resistor from OSC to V^ef- A 20-kn pullup resistor is recommended. An open-collector gate or 
an NPN transistor can then be used to drive OSC at the external clock frequency as shown in Figure 14. 

The frequency can be lowered by adding an external capacitor (C-j in Figure 14) from OSC to ground. This 
Increases the charge and discharge times, which lowers the oscillator frequency. 


Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


8-13 






LT1054, TL1054Y 

SWITCHED-CAPACITOR VOLTAGE CONVERTERS 
WITH REGULATOR 

SLVS033B - FEBRUARY 1990 - REVISED AUGUST 1995 


APPLICATION INFORMATION 


r 



Figure 14. External Clock System 

The feedback/shutdown (FB/SD) terminal has two functions. Pulling FB/SD below the shutdown threshold (« 
0.45 V) puts the device into shutdown. In shutdown, the reference/regulator is turned off and switching stops. 
The switches are set such that both Cjfvj and Cqut discharged through the output load. Quiescent current 
in shutdown drops to approximately 100 pA . Any open-collector gate can be used to put the LT1054 into 
shutdown. For normal (unregulated) operation, the device will restart when the external gate is shut off. In 
LT1054 circuits that use the regulation feature, the external resistor divider can provide enough pulldown to keep 
the device in shutdown until the output capacitor (Gout) has fully discharged. For most applications where the 
LT1054 is run intermittently, this does not present a problem because the discharge time of the output capacitor 
is short compared to the off time of the device. In applications where the device has to start-up before the output 
capacitor (Cqijt) has fully discharged, a restart pulse must be applied to FB/SD of the LT1054. Using the circuit 
shown In Figure 15, the restart signal can be either a pulse (tp >100 ps) or a logic high. Diode coupling the restart 
signal into FB/SD allows the output voltage to rise and regulate without overshoot. The resistor divider R3/R4 
shown In Figure 15 should be chosen to provide a signal level at FB/SD of 0.7 V -1.1 V. 

FB/SD is also the inverting input of the LT1054 error amplifier and, as such, can be used to obtain a regulated 
output voltage. 
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LT1054, TL1054Y 
SWITCHED-CAPACITOR VOLTAGE CONVERTERS 

WITH REGULATOR 

SLVS033B - FEBRUARY 1990 - REVISED AUGUST 1995 

APPLICATION INFORMATION 



Where: R1 = 20 kQ. 

Vref = 2.5 V Nominal 


t Choose the closest 1 % value 

Figure 15. Basic Regulation Configuration 

regulation 

The error amplifier of the LT1054 drives the pnp switch to control the voltage across the input capacitor (C|n), 
which determines the output voltage. When the reference and error amplifier of the LT1054 are used, an 
external resistive divider is all that is needed to set the regulated output voltage. Figure 15 shows the basic 
regulator configuration and the formula for calculating the appropriate resistor values. R1 should be 20 WQ or 
greater because the reference current is limited to ±100 pA. R2 should be in the range of 100 kQ to 300 kQ. 
Frequency compensation is accomplished by adjusting the ratio of C|n to CouT. 

For best results, this ratio should be approximately 1 to 10. Capacitor Cl, required for good load regulation, 
should be 0.002 pF for all output voltages. 

The functional block diagram shows that the maximum regulated output voltage is limited by the supply voltage. 
For the basic configuration, 1 Vqut I referred to the ground terminal of the LT1054, must be less than the total 
of the supply voltage minus the voltage loss due to the switches. The voltage loss versus output current due 
to the switches can be found in the typical performance curves. Other configurations, such as the negative 
doubler can provide higher voltages at reduced output currents. 
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LT1054, TL1054Y 

SWITCHED-CAPACITOR VOLTAGE CONVERTERS 
WITH REGULATOR 

SLVS033B - FEBRUARY 1990 - REVISED AUGUST 1995__ 


APPLICATION INFORMATION 


capacitor selection 

While the exact values of CjN and Cqijt non-critical, good-quality low-ESR capacitors, such as solid 
tantalum are necessary to minimize voltage losses at high currents. For C|n, the effect of the ESR of the 
capacitor is multiplied by four, since switch currents are approximately two times higher than output current. 
Losses occur on both the charge and discharge cycle, which means that a capacitor with 1 Q of ESR for CjN 
has the same effect as increasing the output impedance of the LT1054 by 4 Q. This represents a significant 
increase in the voltage losses. CouT's alternately charged and discharged at a current approximately equal 
to the output current. The ESR of the capacitor causes a step function to occur in the output ripple at the switch 
transitions. This step function degrades the output regulation for changes In output load current and should be 
avoided. A technique used to gain both low ESR and reasonable cost Is to parallel a smaller tantalum capacitor 
with a large aluminum electrolytic capacitor. 


output ripple 


The peak-to-peak output ripple is determined by the output capacitor and the output current values. 
Peak-to-peak output ripple is approximated as shown: 


AV 


where: 


'OUT 


2 fC 


OUT 


(5) 


AV = p-p ripple 

fosc = oscillator frequency 

For output capacitors with significant ESR, a second term must be added to account for the voltage step at the 
switch transitions. This step is approximately equal to: 


(2Iout) ^OUT^ 


( 6 ) 


power dissipation 

The power dissipation of any LT1054 circuit must be limited so that the junction temperature of the device does 
not exceed the maximum junction temperature ratings. The total power dissipation is calculated from two 
components, the power loss due to voltage drops in the switches, and the power loss due to drive current losses. 
The total power dissipated by the LT1054 Is calculated as shown. 

P - (Vcc - I VqutI ) 'out + ('out) (0-2) (7) 

where both Vcc and Vqut are referenced to ground. The power dissipation Is equivalent to that of a linear 
regulator. Limited power handling capability of the LT1054 packages causes limited output current requirements 
or steps can be taken to dissipate power external to the LT1054 for large input or output differentials. This is 
accomplished by placing a resistor In series with CjN as shown In Figure 16. A portion of the input voltage is 
dropped across this resistor without affecting the output regulation. Since switch current is approximately 2.2 
times the output current and the resistor causes a voltage drop when CjN is both charging and discharging, the 
resistor chosen is as shown: 

Rx "" ^x/(4.4 Iqjjj) 

where: 

Vx “ Vqq - [(LT1054 voltage loss) (1.3) + | Vq^^I ] (8) 

and Iqut = maximum required output current. The factor of 1.3 allows some operating margin for the LT1054. 
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LT1054, TL1054Y 
SWITCHED-CAPACITOR VOLTAGE CONVERTERS 

WITH REGULATOR 

SLVS033B - FEBRUARY 1990 - REVISED AUGUST 1995 

APPLICATION INFORMATION 

When using a 12-V to -5-V converter at 100-mA output current, calculate the power dissipation without an 
external resistor. 

P = (12 V - I-5 VI ) (100 mA) + (12 V) (100 mA) (0.2) 

P = 700 mW + 240 mW = 940 mW 



Figure 16. Power-Dissipation-Limiting Resistor in Series with C|n 

At RejA of 130°C/W for a commercial plastic device, a junction temperature rise of 122°C is seen. The device 
exceeds the maximum junction temperature at an ambient temperature of 25°C. To calculate the power 
dissipation with an external-resistor (Rx), determine how much voltage can be dropped across Rx- The 
maximum voltage loss of the LT1054 in the standard regulator configuration at 100 mA output current is 1.6 V. 

Vx = 12 V - [(1.6 V) (1.3) + I -5 V|1 = 4.9 V 
and 

= 4.9 V/(4.4) (100 mA) = 11 Q 
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LT1054, TL1054Y 

SWITCHED-CAPAGITOR VOLTAGE CONVERTERS 
WITHREGUUTOR 

SLVS033B - FEBRUARY 1990 - REVISED AUGUST 1995__ 


APPLICATION INFORMATION 

The resistor reduces the power dissipated by the LT1054 by (4.9 V) (100 mA) = 490 mW. The total power 
dissipated by the LT1054 is equal to (940 mW - 490 mW) = 450 mW. The junction temperature rise is 58°C. 
Although commercial devices are functional up to a junction temperature of 125°C, the specifications are tested 
to a junction temperature of 100°C. In this example, this means limiting the ambient temperature to 42°C. To 
allow higher ambient temperatures, the thermal resistance numbers for the LT1054 packages represent 
worst-case numbers with no heat-sinking and still air. Small clip-on heat sinks can be used to lower the thermal 
resistance of the LT1054 package. Airflow in some systems helps to lower the thermal resistance. Wide PC 
board traces from the LT1054 leads help to remove heat from the device. This is especially true for plastic 
packages. 


10 iiF 


1N4002 100 ka 

^—14—— 




Tach Motor 

NOTE: Motor-Tach Canon CKT26-T5-3SAE 


FB/SD 

Vcc 

CAP + 

osc 

LT1054 


GND 

Vref 

CAP- 

VoUT 


10 V 


5\iF 




T / 


100 kn 

Speed Control 


1 


Figure 17. Motor Speed Servo 
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r 
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LT1054 


GND 

Vref 

CAP- 

VoUT 


° , V|N 

tL 2M.F 

7 T 


—m - -VOUT 

T lOOuF 
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Figure 18. Basic Voltage Inverter 
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LT1054, TL1054Y 
SWITCHED-CAPACITOR VOLTAGE CONVERTERS 

WITH REGULATOR 

SLVS033B - FEBRUARY 1990 - REVISED AUGUST 1995 

APPLICATION INFORMATION 



Figure 19. Basic Voltage Inverter/Regulator 



Figure 20. Negative Voltage Doubler 
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LT1054, TL1054Y 

SWITCHED-CAPACITOR VOLTAGE CONVERTERS 
WITH REGUUTOR 

SLVS033B - FEBRUARY 1990 - REVISigD AUGUST 1995 

APPLICATION INFORMATION 



Figure 21. Positive Doubier 
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LT1054, TL1054Y 
SWITCHED-CAPACITOR VOLTAGE CONVERTERS 

WITH REGULATOR 

SLVS033B - FEBRUARY 1990 - REVISED AUGUST 1995 



V|n = 3.5 to 15 V 

VouT MAX - -2 V|N + [LT1054 Voltage Loss +2 (Vofode)] 



Figure 22.100-mA Regulating Negative Doubler 
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SWITCHED-CAPACITOR VOLTAGE CONVERTERS 
WITH REGULATOR 
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LT1054, TL1054Y 
SWITCHED-CAPACITOR VOLTAGE CONVERTERS 

WITH REGULATOR 

SLVS033B - FEBRUARY 1990 - REVISED AUGUST 1995 


Input TTL or 
CMOS Low 
for On 


0.022 


200 kQ 


Jj- 

l0|iF 
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LT1054, TL1054Y 

SWITCHED-CAPACITOR VOLTAGE CONVERTERS 
WITH REGUUTOR 
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SWITCHED-CAPACITOR VOLTAGE CONVERTERS 

WITH REGULATOR 
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LT1054, TL1054Y 

SWITCHED-CAPACITOR VOLTAGE CONVERTERS 
WITH REGULATOR 

SLVS033B - FEBRUARY 1990 - REVISED AUGUST 1995 

APPLICATION INFORMATION 


V| = 5V 



Figure 29. Positive Doubier with Regulation (5-V to 8-V Converter) 



Figure 30. Negative Doubler with Regulator 
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TL-SCSI285, TL-SCSI285Y 
FIXED-VOLTAGE REGULATORS FOR 
SCSI ACTIVE TERMINATION 

SLVS065C - NOVEMBER 1991 - REVISED AUGUST 1995 

• Fully Matches Parameters for Alternative 2 n package pw package 

SCSI Active Termination (top view) (top view) 

• Fixed 2.85-V Output 

• ±1% Maximum Output Tolerance at 
Tj = 25°C 

• 0.7-V Maximum Dropout Voltage 

• 620-mA Output Current 

• ±2% Absolute Output Variation 

• Internal Overcurrent Limiting Circuitry 

• Internal Thermal Overload Protection 

• internal Overvoltage Protection 

description 

The TL-SCSI285 is a low-dropout (0.7-V) 
fixed-voltage regulator specifically designed for 
small computer systems interface (SCSI) 
alternative 2 active signal termination. The 
TL-SCSI285 0.7-V maximum dropout ensures 
compatibility with existing SCSI systems while 
providing a wide TERMPWR voltage range. At the 
same time the ±1% initial tolerance on its 2.85-V 
output voltage ensures a tighter line driver current 
tolerance, thereby increasing system noise 
margin. 

The fixed 2.85-V output voltage of the TL-SCSI285 supports the SCSI alternative 2 termination standard while 
reducing system power consumption. The 0.7-V maximum dropout voltage brings increased TERMPWR 

typical application schematic 


-DB(0) 

-DB(1) 


-ATN 

-BSY 

-ACK 

-RST 

-MSG 

-SEL 

-C/D 

-REQ 

-I/O 



HEAT SINK - These terminals have 
an internal resistive connection to 
ground and should be grounded or 
electrically isolated. 

KC PACKAGE 
(TOP VIEW) 

OUTPUT 
GND 
INPUT 



NCn 1 mDnc 


NCrt 2 13 ] OUTPUT heat I 

GND[ 3 12] GND SINK ^ 

GND[ 4 11] GND L 

GND[ 5 10] GND GND 

NC[ 6 9 ] INPUT input 

NC[ 7 8 ] NC r 

' -^ HEAT 

NC - No internal connection SINK 


[ 1 • 

20 
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19 

L 3 

18 
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13 

[ 9 

12 
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AVAILABLE OPTIONS 



PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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TL-SCSI285, TL-SCSI285Y 
FIXED-VOLTAGE REGULATORS FOR 
SCSI ACTIVE TERMINATION 

SLVS065C - NOVEMBER 1991 - REVISED AUGUST 1995 

description (continued) 

isolation, making the device ideal for battery-powered systems. The TL-SCSI285, with internal current limiting, 
overvoltage protection, ESD protection, and thermal protection offers designers enhanced system protection 
and reliability. 

When configured as a SCSI active terminator, the TL-SCSI285 low-dropout regulator eliminates the 220-n and 
the 330-n resistors required for each transmission line with a passive termination scheme, reducing significantly 
the continuous system power drain. When placed In series with 110-Q resistors, the device matches the 
impedance level of the transmission cable and eliminates reflections. 

The TL-SCSI285 Is characterized for operation from 0°C to 125°C virtual junction temperature. 


TL-SCSI285Y chip information 


This chip, when properly assembled, displays characteristics similar to the TL-SCSI285. Thermal compression 
or ultrasonic bonding can be used on the doped aluminum pads. The chips can be mounted with conductive 
epoxy or a gold-silicon preform. 
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TL-SCSI285, TL-SCSI285Y 
FIXED-VOLTAGE REGULATORS FOR 
SCSI ACTIVE TERMINATION 

SLVS065C - NOVEMBER 1991 - REVISED AUGUST 1995 


absolute maximum ratings over operating virtual junction temperature range (unless otherwise 
noted)t 


Continuous input voltage, V| . 7.5 V 

Continuous total dissipation (see Note 1) . See Dissipation Rating Table 

Operating virtual junction temperature range, . -55°C to 150°C 

Storage temperature range, Tgtg . -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1; Refer to Figures 1 and 2 to avoid exceeding the design maximum virtual junction temperature; these ratings should not be exceeded. 

Due to variation in individual device electrical characteristics and thermal resistance, the built-in thermal overload protection may be 
activated at power levels slightly above or below the rated dissipation. 


DISSIPATION RATING TABLE 


PACKAGE 

POWER RATING 

T<25°C 

DERATING FACTOR 

T = 70X 

T = 85°C 

T = 125°C 

AT 

POWER RATING 

ABOVE T = 25°C 

POWER RATING 

POWER RATING 

POWER RATING 

KC 

Ta 

2000 mW 

16.0 mW/°C 

1280 mW 

1040 mW 

400 mW 

TC 

20000 mW 

182.0 mW/°Ct 

11810 mW 

9080 mW 

1800 mW 

N 

Ta 

2250 mW 

18.0 mW/°C 

1440 mW 

1170 mW 

450 mW 

Tc 

11850 mW 

94.8 mW/°C 

7584 mW 

6162 mW 

2370 mW 

PW 

Ta 

950 mW 

7.6 mW/°C 

608 mW 

494 mW 

190 mW 

Tc 

4625 mW 

37.0 mW/°C 

2960 mW 

2405 mW 

925 mW 


t Derate above 40°C 


MAXIMUM CONTINUOUS DISSIPATION 


vs 



25 50 75 100 125 150 

Ta - Free-Air Temperature - °C 


MAXIMUM CONTINUOUS DISSIPATION 
vs 

CASE TEMPERATURE 

25 1-1-r-1-^- 


1 



25 50 75 100 125 150 

Tc - Case Temperature - °C 


Figure 1 


Figure 2 
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TL-SCSI285,TL-SGSI285Y 
FIXED-VOLTAGE REGULATORS FOR 
SCSI ACTIVE TERMINATION 

SLVS065C - NOVEMBER 1991 - REVISED AUGUST 1995 


recommended operating conditions 



MIN 

MAX 

UNIT 

Input voltage, V| 

3.55 

5.5 

V 

Output current, Iq 

KC and N packages 

0 

620 

rri A 

PW package 

0 

500 

niM 

I Operating virtual junction temperature range, Tj | 

0 

125 

°C 


eiectricai characteristics, V| = 4.5 V, Iq = 500 mA, Tj = 25^C (unless otherwise noted) 


PARAMETER 


TEST CONDITIONSt 


TL-SCSI285KC 

TL-SCSI285N 

UNIT 





MIN 

TYP 

MAX 


Output voltage 

Iq = 20 mA to 500 mA, 

Vi = 3.55 V to 5.5 V, 

Tj = 25°C 

2.82 

2.85 

2.88 


I Iq = 500 mA to 620 mA, V| = 3.65 V to 5.5 V, 

. Tj = 0to125°C 

2.79 


2.91 


Input regulation 

I V| = 3.55 V to 5.5 V | 


5 

15 

mV 

Ripple rejection 

f= 120 Hz, 

Vripple = 1 Vpp 


-62 

dB 

Output regulation 

Iq = 20 mA to 620 mA 


5 

30 


Iq = 20 mA to 500 mA 


5 

30 


Output noise voltage 

f = 10 Hz to 100 kHz 

500 

pV 

Dropout voltage 

Iq = 500 mA 

0.7 

\/ 

Iq = 620 mA 

0.8 

V 


io = o 


2 

5 


Bias current 

Iq = 27 mA, equivalent 1 line asserted 


3 

6 

mA 


Iq = 500 mA, equivalent 18 lines asserted (8 bit) 


26 

49 



Iq = 620 mA 


37 

62 



t Puise-testing techniques are used to maintain the virtual junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken Into account separately. All characteristics are measured with a 0.1 -pF capacitor across the input and a 22.0-pF tantalum capacitor 
with equivalent series resistance of 1.5 D on the output. 


electrical characteristics, V| = 4.5 V, Iq = 500 mA, Tj = 25°C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

TL-SCSI285PW 

UNIT 

MIN TYP MAX 

Output voltage 

Iq = 20 mA to 500 mA, V| = 3.55 V to 5.5 V 

Tj = 25X 

2.82 2.85 2.88 

V 

Tj = 0to125°C 

2.79 2.91 


V| = 3.55 V to 5.5 V 

5 15 

mV 

Ripple rejection 

f = 120Hz, Vripple = 1 Vpp 

-62 

dB 

Output regulation 

Iq = 20 mA to 500 mA 

5 30 

mV 

Output noise voltage 

f= 10 Hz to 100 kHz 

500 

pV 

Dropout voltage 

Iq = 500 mA 

0.7 

V 

Bias current 

O 

ii 

O 

2 5 

mA 

Iq = 27 mA, equivalent 1 line asserted 

3 6 

Iq = 500 mA, equivalent 18 lines asserted (8 bit) 

26 49 


t Pulse-testing techniques are used to maintain the virtual junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. All characteristics are measured with a 0.1 -pF capacitor across the input and a 22.0-pF tantalum capacitor 
with equivalent series resistance of 1.5 Q on the output. 
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TL-SCSI285, TL-SCSI285Y 
FIXED-VOLTAGE REGULATORS FOR 
SCSI ACTIVE TERMINATION 

SLVS065C - NOVEMBER 1991 - REVISED AUGUST 1995 


electrical characteristics, V[ = 4,5 V, Iq = 500 mA, Tj = 25°C 


PARAMETER 

TEST CONDITIONSt 

TL-SCSI285Y 

UNIT 

MIN TYP MAX 

Output voltage 

Iq = 20 mA to 500 mA, V| = 3.55 V to 5.5 V 

2.85 

V 

Input regulation 

V| = 3.55 V to 5.5 V 

5 

mV 

Ripple rejection 

f=120Hz, Vnpp|e = 1 Vpp 

-62 

dB 

Output regulation 

Iq = 20 mA to 620 mA 

5 

mV 

Iq = 20 mA to 500 mA 

5 

Output noise voltage 

f= 10 Hz to 100 kHz 

500 

pV 

Bias current 

io = o 

2 

mA 

Iq = 27 mA, equivalent 1 line asserted 

3 

Iq = 500 mA, equivalent 18 lines asserted (8 bit) 

26 

Iq = 620 mA 

37 


t Pulse-testing techniques are used to maintain the virtual junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. All characteristics are measured with a 0.1 -pF capacitor across the input and a 22.0-pF tantalum capacitor 
with equivalent series resistance of 1.5on the output. 
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TL-SCSI285, TL-SCSI285Y 
FIXED-VOLTAGE REGUUTORS FOR 
SCSI ACTIVE TERMINATION 

SLVS065C - NOVEMBER 1991 - REVISED AUGUST 1995 


COMPENSATION CAPACITOR SELECTION INFORMATION 

The TL-SC6I285 is a low-dropout regulator. This means that the capacitance loading is important to the 
performance of the regulator because it is a vital part of the control loop. The capacitor value and the equivalent 
series resistance (ESR) both affect the control loop and must be defined for the load range and the temperature 
range. Figures 3 and 4 can establish the capacitance value and ESR range for best regulator performance. 


ESR OF OUTPUT CAPACITOR 
vs 



0 0.1 0.2 0.3 0.4 0.5 


II - Load Current - A 


STABILITY 

vs 

ESR 



“T-r 


3 Not Recommended 


[ lXXNi Potential Instability 
• Recommended Min ESR 


1000 jiF 



Applied Load 
Current 


Alt 

X 


Load 

Voltage 


AVl 

i-M 


Figure 3 


Figure 4 
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TL2217-285, TL2217-285Y 
FIXED-VOLTAGE REGULATORS FOR 
SCSI ACTIVE TERMINATION 

SLVS066C - NOVEMBER 1991 - REVISED AUGUST 1995 


• Fully Matches Parameters for Alternative 
2 SCSI Active Termination 

• Fixed 2.85-V Output 

• ±1.5% Maximum Output Tolerance 
at Tj = 25° 

• 1-V Maximum Dropout Voltage 

• 500-mA Output Current 

• ±3% Absolute Output Variation 

• internal Overcurrent Limiting ^ 

• Internal Thermal Overload Protection 

• Internal Overvoltage Protection 

description 

The TL2217-285 is a low-dropout (1 -V) fixed-volt- 
age regulator specifically designed for small 
computer systems interface (SCSI) alternative 2 
active signal termination. The TL2217-285 1-V 
maximum dropout ensures compatibility with 
existing SCSI systems, while providing a wide 
TERMPWR voltage range. At the same time, the 
± 1.5% initial tolerance on its 2.85-V output voltage 
ensures a tighter line driver current tolerance, 
thereby Increasing system noise margin. 

typical application schematic 


-DB(0) 

-DB(1) 


-ATN 

-BSY 

-ACK 

-RST 

-MSG 

-SEL 

-C/D 

-REQ 

-I/O 

AVAILABLE OPTIONS 



PACKAGE 1 


Ta 

PLASTIC 

POWER 

(KC) 

PLASTIC 

DIP 

(N) 

SURFACE 

MOUNT 

(PW)t 

FORM 

(Y) 

0°Cto 125°C 

TL2217-285KC 

TL22I7-285N 

TL22I7-285PWLE 

TL2217-285Y 


tlhe PW package is only available left-end taped and reeled. 



HEAT SINK ~ These pins have an 
internal resistive connection to 
ground and should be grounded or 
electrically isolated. 

KC PACKAGE 
(TOP VIEW) 

OUTPUT 
GND 
INPUT 



N PACKAGE 
(TOP VIEW) 

NC[j 1 mI] NC 


PW PACKAGE 
(TOP VIEW) 


NC[ 2 
GND[ 3 
GND[ 4 
GND[ 5 
NC[ 6 
NC[ 7 


13] OUTPUT heat 
12] GND SINK 
11 ] GND 

10 ] GND G 

9 ] INPUT INP 
8]NC 


NC - No Internal ( 


1 20 

2 19 


GND[ 5 
INPUT [ 6 


19 J k HEAI 
18] r SINK 

17]J 
16 ] GND 
15 ] OUTPUT 
14]1 


HEAT j I 8 isn I HEAT 
SINK ^ n 9 i2n r sink 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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TL2217-285, TL2217-285Y 
FIXED-VOLTAGE REGULATORS FOR 
SCSI ACTIVE TERMINATION 

SLVS066C - NOVEMBER 1991 - REVISED AUGUST 1995 


description (continued) 

The fixed 2.85-V output voltage of TL2217-285 supports the SCSI alternative 2 termination standard while 
reducing system power consumption. The 1-V maximum dropout voltage brings increased TERMPWR 
isolation, making the device ideal for battery-powered systems. The TL2217-285, with internal current limiting, 
overvoltage protection, ESD protection, and thermal protection, offers designers enhanced system protection 
and reliability. 

When configured as a SCSI active terminator, the TL2217-285 low-dropout regulator eliminates the 220-n and 
330-d resistors required for each transmission line with a passive termination scheme, reducing significantly 
the continuous system power drain. When placed In series with 110-n resistors, the device matches the 
Impedance level of the transmission cable and eliminates reflections. 

The TL2217-285 Is characterized for operation from 0°C to 125°C virtual junction temperature. 

TL2217-285Y chip information 

These chips, properly assembled, display characteristics similar to the TL2217-285. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be mounted with 
conductive epoxy or a gold-silicon preform. 
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TL2217-285, TL2217-285Y 
FIXED-VOLTAGE REGULATORS FOR 
SCSI ACTIVE TERMINATION 

SLVS066C - NOVEMBER 1991 - REVISED AUGUST 1995 


absolute maximum ratings over operating virtual junction temperature range (unless otherwise 
noted)t 


Continuous input voltage, V| ... 7.5 V 

Continuous total power dissipation (see Note 1) . See Dissipation Rating Table 

Operating virtual junction temperature range, Tj .. -55°C to 150°C 

Storage temperature range, Tstg . -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds . 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: Refer to Figures 1 and 2 to avoid exceeding the design maximum virtual junction temperature; these ratings should not be exceeded. 

Due to variation in individual device electrical characteristics and thermal resistance, the built-in thermal overload protection may be 
activated at power levels slightly above or below the rated dissipation. 


DISSIPATION RATING TABLE 


PACKAGE 

POWER RATING 

Ta < 25°c 

DERATING FACTOR 

Ta = 70°c 

Ta = 85°C 

Ta =125°C 

AT 

POWER RATING 

ABOVE Ta = 25°C 

POWER RATING 

POWER RATING 

POWER RATING 

KC 

Ta 

2000 mW 

16.0 mW/°C 

1280 mW 

1040 mW 

400 mW 

Tct 

20000 mW 

182.0 mW/°C 

14540 mW 

11810 mW 

4530 mW 

N 

Ta 

2250 mW 

18.0 mW/°C 

1440 mW 

1170 mW 

450 mW 

Tc 

11850 mW 

94.8 mW/°C 

7584 mW 

6162 mW 

2370 mW 

PW 

Ta 

950 mW 

7.6 mW/°C 

608 mW 

494 mW 

190 mW 

Tc 

4625 mW 

37.0 mW/°C 

2960 mW 

2405 mW 

925 mW 


t Derate above 40°C 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



25 50 75 100 125 150 

Ta - Free-Air Temperature - °C 


Figure 1 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



25 50 75 100 125 150 


Tq - Case Temperature - °C 

Figure 2 
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TL2217-285, TL2217-285Y 
FIXED-VOLTAGE REGULATORS FOR 
SCSI ACTIVE TERMINATION 

SLVS066C - NOVEMBER 1991 - REVISED AUGUST 1995 


recommeneded operating conditions 



MIN 

MAX 

UNIT 

Input voltage, V| 

3.85 

5.5 

V 

Output current, Iq 

0 

500 

mA 

Operating virtual junction temperature range, Tj 

0 

125 

11 


electrical characteristics over recommended operating conditions, V| = 4.5 V, Iq = 500 mA, Tj = 25°C 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

TL2217-285 

UNIT 

MIN TYP MAX 

Output voltage 

lO = 20 mA to 500 mA, V| = 3.85 V to 5.5 V 

Tj = 25°C 

2.81 2.85 2.89 

V 

Tj = 0°C to 125°C 

2.765 2.935 

Input voltage regulation 

V| = 3.85 V to 5.5 V 

5 15 

mV 

Ripple rejection 

f = 120Hz. Vripp|e = 1 Vpp 

-62 

dB 

Output voltage regulation 

Iq = 20 mA to 500 mA 

5 30 

mV 

Output noise voltage 

f = 10 Hz to 100 kHz 

500 

^iV 

Dropout voltage 


1 

V 

Bias current 

io = o 

2 5 

mA 

Iq = 27 mA, equivalent 1 line asserted 

3 6 

Iq = 500 mA, equivalent 18 lines asserted (8 bit) 

26 49 


t Pulse-testing techniques are used to maintain the virtual junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken into account separately. All characteristics are measured with a 0.1 -pF capacitor across the input and a 22-pF tantalum capacitor 
with equivalent series resistance of 1.5 Q on the output. 


electrical characteristics over recommended operating conditions, V|=4.5 V, Iq = 500 mA, Tj = 25''C 
(uniess otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

TL2217-285Y 

UNIT 

MIN TYP 

MAX 

Output voltage 

Iq = 20 mA to 500 mA, 

V| = 3.85 V to 5.5 V 

2.81 2,85 

2.89 

V 

Input voltage regulation 

V| = 3.85 V to 5.5 V 

5 

15 

mV 

Ripple rejection 

f=120 Hz, 

Vripple = 1 Vpp 

-62 

dB 

Output voltage regulation 

Iq = 20 mA to 500 mA 

5 

30 

mV 

Output noise voltage 

f= 10 Hz to 100 kHz 

500 

fiV 

Dropout voltage 

Iq = 500 mA 

1 

V 


io = o 

2 

5 


Bias current 

Iq = 27 mA, equivalent 1 line asserted 

3 

6 

mA 


Iq = 500 mA, equivalent 18 lines asserted (8 bit) 

26 

49 



t Pulse-testing techniques are used to maintain the virtual junction temperature as close to the ambient temperature as possible. Thermal effects 
must be taken Into account separately. All characteristics are measured with a 0.1 -|xF capacitor across the input and a 22-|xF tantalum capacitor 
with equivalent series resistance of 1.5 Q on the output. 
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TL2217-285, TL2217-285Y 
FIXED-VOLTAGE REGULATORS FOR 
SCSI ACTIVE TERMINATION 

SLVS066C - NOVEMBER 1991 - REVISED AUGUST 1995 


COMPENSATION CAPACITOR SELECTION INFORMATION 


The TL2217-285 is a low-dropout regulator. This means that the capacitance loading is important to the performance 
of the regulator because it is a vital part of the control loop. The capacitor value and the equivalent series resistance 
(ESR) both affect the control loop and must be defined for the load range and the temperature range. Figures 3 and 
4 can be used to establish the capacitance value and ESR range for best regulator performance. 


ESR (OUTPUT CAPACITOR) 


vs 



0 0.1 0.2 0.3 0.4 0.5 


II - Load Current - A 



Applied Load 
Current 


AIl 


Load 

Voltage 


A Vi 


Figure 3 


Figure 4 


\ 
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TL2218-285, TL2218-285Y 
EXCALIBUR CURRENT-MODE SCSI TERMINATOR 


available features 

• Fully Integrated 9-Channel SCSI 
Termination 

• No External Components Required 

• Maximum Allowed Current Applied at First 
High-Level Step 

• 6-pF Typical Power-Down Output 
Capacitance 

• Wide Vterm^ (Termination Voltage) 
Operating Range, 3.5 V to 5.5 V 

• TTL-Compatible Disable Feature 

• Compatible With Active Negation 

• Thermal Regulation 


SLVS072C - DECEMBER 1992 - REVISED OCTOBER 1995 


PW PACKAGE 
(TOP VIEW) 


TERMPWR 

NC 

NC 

DO 

D1 

D2 

D3 

D4 

NC 

GND 



TERMPWR 

DISABLE 

NC 

D8 

D7 

NC 

D6 

D5 

NC 

GND 


NC - No internal connection 


description 

The TL2218-285 is a current-mode 9-channel monolithic terminator specially designed for single-ended 
small-computer-systems-interface (SCSI) bus termination. A user-controlled disable function is provided to 
reduce standby power. No Impedance-matching resistors or other external components are required for Its 
operation as a complete terminator. 

The device operates over a wide termination-voltage (Vterm^) range of 3.5 V to 5.5 V, offering an extra 0.5 V of 
operating range when compared to the minimum termination voltage of 4 V required by other integrated active 
terminators. The TL2218-285 functions as a current-sourcing terminator and supplies a constant output current 
of 23 mA into each asserted line. When a line is deasserted, the device senses the rising voltage level and begins 
to function as a voltage source, supplying a fixed output voltage of 2.85 V. The TL2218-285 features 
compatibility with active negation drivers and has a typical sink current capability of 20 mA. 

The TL2218-285 is able to ensure that maximum current Is applied at the first high-level step. This performance 
means that the device should provide a first high-level step exceeding 2 V even at a 10-MHz rate. Therefore, 
noise margins are improved considerably above those provided by resistive terminators. 

A key difference between the TL2218-285 current-mode terminator and a Boulay terminator is that the 
TL2218-285 does not incorporate a low dropout regulator to set the output voltage to 2.85 V. In contrast with 
the Boulay termination concept, the accuracy of the 2.85 V is not critical with the current-mode method used 
in the TL2218-285 because this voltage does not determine the driver current. Therefore, the primary device 
specifications are not the same as with a voltage regulator but are more concerned with output current. 

The DISABLE terminal is TTL comp atible and must be taken low to shut down the outputs. The device is 
normally active, even when DISABLE is left floating. In the disable mode, only the device startup circuits remain 
active, thereby reducing the supply current to just 500 \iA. Output capacitance in the shutdown mode is typically 
6pF. 

The TL2218-285 has on-board thermal regulation and current limiting, thus eliminating the need for external 
protection circuitry. A thermal regulation circuit that is designed to provide current limiting, rather than an actual 
thermal shutdown. Is included In the individual channels of the TL2218-285. When a system fault occurs that 
leads to excessive power dissipation by the terminator, the thermal regulation circuit causes a reduction in the 
asserted-line output current sufficient to maintain operation. This feature allows the bus to remain active during 
a fault condition, which permits data transfer immediately upon removal of the fault. A terminator with thermal 
shutdown does not allow for data transfer until sufficient cooling has occurred. Another advantage offered by 
the TL2218-285 is a design that does not require costly laser trimming in the manufacturing process. 

The TL2218-285 is characterized for operation over the virtual junction temperature range of 0°C to 125°C. 

t This symbol is not presently listed within EIA/JEDEC standards for letter symbols. 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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TL2218-285, TL2218-285Y 

EXCALIBUR CURRENT-MODE SCSI TERMINATOR 

SLVS072C - DECEMBER 1992 - REVISED OCTOBER 1995 


AVAILABLE OPTIONS 


Tj 

SURFACE MOUNT 
(PW)t 

CHIP FORM 
(Y) 

0°Cto 125°C 

TL2218-285PWLE 

TL2218-285Y 


t The PW package is only available left-end taped and reeled. 

TL2218-285Y chip information 

This chip, when properly assembled, displays characteristics similar to the TL2218-285. Thermal compression 
or ultrasonic bonding may be used on the doped aluminum bonding pads. The chip may be mounted with 
conductive epoxy or a gold-silicon preform. 


BONDING PAD ASSIGNMENTS 



1,20 



CHIP THICKNESS: 11 MILS TYPICAL 
BONDING PADS: 4x4 MILS MINIMUM 
Tjmax = 150°C 
TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 
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TL2218-285, TL2218-285Y 
EXCALIBUR CURRENT-MODE SCSI TERMINATOR 


SLVS072C - DECEMBER 1992 - REVISED OCTOBER 1995 


functional block diagram (each channel) 



Common to All Channels 


absolute maximum ratings over operating free-air temperature range (uniess otherwise noted) 
(see Figures 1, 2, and 3)t 


Continuous termination voltage . . 

Continuous output voltage range . 

Continuous disable voltage range . 

Continuous total power dissipation . 

Operating virtual junction temperature range, Tj . 

Storage temperature range, Tstg . 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 


. 10V 

. . OV to 5.5 V 

. OV to 5.5 V 

See Dissipation Rating Table 

. -55°Cto150°C 

. -60°Cto150°C 

. 260°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


DISSIPATION RATING TABLE 

PACKAGE 

POWER RATING 
AT 

T<25°C 
POWER RATING 

DERATING FACTOR 
ABOVE T = 25°C 

T = 70°C 
POWER RATING 

T = 85°C 
POWER RATING 

T = 125X 
POWER RATING 


Ta 

828 mW 

6.62 mW/°C 

530 mW 

430 mW 

166 mW 

PW 

TC 

4032 mW 

32.2 mW/°C 

2583 mW 

2100 mW 

812 mW 


Tl* 

2475 mW 

19.8 mW/°C 

1584 mW 

1287 mW 

495 mW 


t R 0 jj_ is the thermal resistance between the junction and device lead. To determine the virtual junction temperature (Tj) relative to the device lead 
temperature, the following calculations should be used: Tj = Pq x RejL + Ti_, where Pp is the internal power dissipation of the device and Tl is 
the device lead temperature at the point of contact to the printed wiring board. RejL is 50.5°CA/\/. 
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TL2218-?85, TL2218-285Y 

EXCALIBUR CURRENT-MODE SCSI TERMINATOR 


SLVS072C - DECEMBER 1992 - REVISED OCTOBER 1995 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



T/v - Free-Air Temperature - °C 


Figure 1 



LEAD TEMPERATURE 
DISSIPATION DERATING CURVE 



Tl - Lead Temperature - °C 


Figure 3 


t R 0 JL is the thermal resistance between the junction and device lead. To determine the virtual junction temperature (Tj) relative to the device lead 
temperature, the following calculations should be used: Tj = Pq x Rqjl + Tl, where Pq is the internal power dissipation of the device, and Tl is 
the device lead temperature at the point of contact to the printed wiring board. Rqjl is 50.5°C/W. 
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TL2218-285, TL2218-285Y 
EXCALIBUR CURRENT-MODE SCSI TERMINATOR 


SLVS072C - DECEMBER 1992-REVISED OCTOBER 1995 


recommended operating conditions 



MIN 

MAX 

UNIT 

Termination voltage 

3.5 

5.5 

V 

High-level disable input voltage, Vjh 

2 

Vterm 

V 

Low-level disable input voltage, V|l 

0 

0.8 

V 

Operating virtual junction temperature, Tj 

0 

125 

°c 


electrical characteristics, Vterm = 4-75 V, Vq = 0.5 V, Tj = 25°C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Output high voltage 


2.5 2.85 

V 

TERMPWR supply current 

All data lines open 

9 

mA 

All data lines = 0.5 V 

228 

DISABLE = 0 V 

500 

liA 

Output current 


-20.5 -23 -24 

mA 

Disable input current (see Note 1) 

DISABLE = 4.75 V 

1 

pA 

DISABLE = 0 V 

600 

Output leakage current 

DISABLE = 0 V 

100 

nA 

Output capacitance, device disabled 

Vo = 0 V, 1 MHz 

6 

PF 

Termination sink current, total 

< 

O 

II 

42. 

< 

20 

mA 


NOTE 1: When DISABLE is open or high, the terminator is active. | 
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TL2218-285, TL2218-285Y 

EXCALIBUR CURRENT-MODE SCSI TERMINATOR 


SLVS072C - DECEMBER 1992 - REVISED OCTOBER 1995 

THERMAL INFORMATION 


The need for smaller surface-mount packages for use on compact printed-wiring boards (PWB) causes an 
increasingly difficult problem in the area of thermal dissipation. In order to provide the systems designer with a better 
approximation of the junction temperature rise in the thin-shrink small-outline package (TSSOP), the junction-to-lead 
thermal resistance (RejO is provided along with the more typical values of junction-to-ambient and junction-to-case 
thermal resistances, Rqja and Rejc- 

RejL is used to calculate the device junction temperature rise measured from the leads of the unit. Consequently, the 
junction temperature Is dependent upon the board temperature at the leads, RejL» Q*^cl the Internal power dissipation 
of the device. The board temperature is contingent upon several variables, including device packing density, 
thickness, material, area, and number of interconnects. The RejL value depends on the number of leads connecting 
to the die-mount pad, the lead-frame alloy, area of the die, mount material, and mold compound. Since the power level 
at which the TSSOP can be used Is highly dependent upon both the temperature rise of the PWB and the device itself, 
the systems designer can maximize this level by optimizing the circuit board. The junction temperature of the device 
can be calculated using the equation Tj = (Pq x R 0 jl) + Tl where Tj = junction temperature, Pp = power dissipation, 
RejL = junctlon-to-lead thermal resistance, and Tl = board temperature at the leads of the unit. 

The values of thermal resistance for the TL2218-285 PW are as follows: 


Thermal Resistance 

Rgja 
Rejc 
^ RejL 


Typical Junction Rise 

151°C/W 
31 °C/W 
50.5°C/W 


TYPICAL CHARACTERISTICS 
Table of Graphs 


I I 

FIGURE 

b 

Output current 

vs Input voltage 

4 

Vo 

Output voltage 

vs Input voltage 

5 

b 

Output current 

VS Junction temperature 

6 

Vo 

Output voltage 

vs Junction temperature 

7 
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TL2218-285, TL2218-285Y 
EXCALIBUR CURRENT-MODE SCSI TERMINATOR 


SLVS072C - DECEMBER 1992 - REVISED OCTOBER 1995 

TYPICAL CHARACTERISTICS 


OUTPUT CURRENT 


vs 



3 3.5 4 4.5 5 5.5 

V| - Input Voltage - V 

Figure 4 

OUTPUT CURRENT 


vs 



0 25 50 75 100 125 

Tj - Junction Temperature - °C 

Figure 6 


OUTPUT VOLTAGE 


vs 



3 3.5 4 4.5 5 5.5 

V| - Input Voltage - V 

Figure 5 


OUTPUT VOLTAGE 
vs 

JUNCTION TEMPERATURE 



Tj - Junction Temperature - °C 


Figure 7 


Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


8-45 








8-46 



TLE2425, TLE2425Y 
PRECISION VIRTUAL GROUNDS 


SLOS065B - MARCH 1991 - REVISED AUGUST 1995 


• 2.5>V Virtual Ground for 5-V/GND Analog 
Systems 

• Self-Contained In Small-Outline, 
Dual-ln-Llne or 3-Terminal TO-226AA 
Packages 

• High Output-Current Capability 
Sink or Source ... 20 mA Typ 

• Micropower Operation ... 170 iliA Typ, 


• Excellent Regulation Characteristics 

- Output Regulation 

-45 jiV Typ at Iq = 0 to -10 mA 
+15 }iV Typ at Iq = 0 to +10 mA 

- Input Regulation = 1.5 |xVA^ Typ 

• Low-Impedance Output... 0.0075 Q Typ 

• Macromodel Included 

OUTPUT REGULATION 


description 

In signal-conditioning applications using a single 
power source, a reference voltage is required for 
termination of all signal grounds. To accomplish 
this, engineers have typically used solutions 
consisting of resistors, capacitors, operational 
amplifiers, and voltage references. Texas Instru¬ 
ments has eliminated all of those components with 
one easy-to-use 3-terminal device. That device is 
the TLE2425 precision virtual ground. 

Use of the TLE2425 over other typical circuit 
solutions gives the designer Increased dynamic 
signal range, improved signal-to-nolse ratio, lower 
distortion. Improved signal accuracy, and easier 
Interfacing to ADCs and DACs. These benefits are 
the result of combining a precision micropower 
voltage reference and a high-performance 
precision operational amplifier in a single silicon 
chip. It is the precision and performance of these 



Iq - Output Current - mA 


two circuit functions together that yield such dramatic system-level performance. 


The TLE2425 improves input regulation as well as output regulation and, In addition, reduces output impedance 
and power dissipation in a majority of virtual-ground-generation circuits. Both Input regulation and load 
regulation exceed 12 bits of accuracy on a single 5-V system. Signal-conditioning front ends of data acquisition 
systems that push 12 bits and beyond can use the TLE2425 to eliminate a major source of system error. 


The TLE2425C is characterized for operation from 0°C to 70°C. The TLE2425I is characterized for operation 
from -40°C to 85°C. The TLE2425M Is characterized for operation over the full military temperature range of 
-55°C to 125°C. 


AVAILABLE OPTIONS 



PACKAGED DEVICES | 


Ta 

SMALL OUTLINE 
(D) 

CERAMIC DIP 

(JG) 

PLASTIC 

TO-226AA 

(LP) 

CHIP FORM 
(Y) 

0®C to 70°C 

TLE2425CD 

— 

TLE2425CD 

TLE2425Y 

-40°C to 85°C 

TLE2425ID 

— 

TLE2425ID 

— 

-55°C to 125°C 

TLE2425MD 

TLE2425MD 

TLE2425MD 

— 


t The D and LP packages are available taped and reeled in the commercial temperature range only. Add 


R suffix to the device type (e.g., TLE2425CDR). The chip form is tested at 25°C. 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
testing of all parameters. 
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TLE2425, TLC2425Y 
PRECISION VIRTUAL GROUNDS 


SLOS065B - MARCH 1991 - REVISED AUGUST 1995 


D, OR JG PACKAGE 
(TOP VIEW) 


NC 

NC 

NC 

NC 


OUT [ 

7 ^ 

8 

COMMON [ 

2 

7 

IN [ 

3 

6 

NC [ 

4 

5 


LP PACKAGE 
(TOP VIEW) 


C [] IN 

[] COMMON 
^ OUT 


NC - No internal connection 


TLE2425Y chip information 


This chip, properly assembled, displays characteristics similar to the TLE2425C. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum bonding pads. The chip may be mounted with 
conductive epoxy or a gold-silicon preform. 


BONDING PAD ASSIGNMENTS 



CHIP THICKNESS: 
15 MILS TYPICAL 


(3) 


IN OUT 

COMMON 


( 1 ) 


( 2 ) 


BONDING PADS: 

4x4 MILS MINIMUM 

Tjmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS 
ARE IN MILS. 


NOTE A. NOTE; Both number 1 bonding pads and both 
number 2 bonding pads must be bonded out to 
the corresponding pins. 
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TLE2425, TLE2425Y 
PRECISION VIRTUAL GROUNDS 


SLOS065B - MARCH 1991 - REVISED AUGUST 1995 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Continuous input voltage, V| . 40 V 

Output current, Iq . ±80 mA 

Duration of short-circuit current at (or below) 25°C (see Note 1) . unlimited 

Continuous total power dissipation . See Dissipation Rating Table 

Operating free-air temperature range, T^: C-suffix. 0°C to 70°C 

l-suffix .-40°Cto85°C 

M-suffix . -55°Cto125°C 

Storage temperature range, Tgtg . -65°C to 150°C 

Lead temperature 1,6 mm (1/16 Inch) from case for 10 seconds: D package . 260°C 

Lead temperature 1,6 mm (1/16 Inch) from case for 60 seconds: JG or LP package . 300°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum dissipation 
rating is not exceeded. 


DISSIPATION RATING TABLE 


PACKAGE 

Ta < 25°C 
POWER RATING 

DERATING FACTOR 
ABOVE Ta = 25°C 

Ta = 70°c 
POWER RATING 

Ta = 85°C 
POWER RATING 

Ta = 125°C 
POWER RATING 

D 

725 mV 

5.8 mW/°C 

464 mW 

377 mW 

145 mW 

JG 

1050 mV 

8.4 mW/°C 

672 mW 

546 mW 

210 mW 

LP 

775 mV 

6.2 mW/°C 

496 mW 

403 mW 

155 mW 


recommended operating conditions 



C-SUFFIX 

l-SUFFIX 

M-SUFFIX 

UNIT 


MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

Input voltage, V| 

4 

40 

4 

40 

4 

40 

V 

Operating free-air temperature, Ta 

0 

70 

-40 

85 

-55 

125 

°c 
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TLE2425, TLC2425Y 
PRECISION VIRTUAL GROUNDS 


SLOS065B - MARCH 1991 - REVISED AUGUST 1995 


electrical characteristics at specified free-air temperature, V| = 5 V, Iq = 0 (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TAt 

TLE2425C 

UNIT 

MIN TYP MAX 

Output voltage 


25°C 

2.48 2.5 2.52 

V 

Full range 

2.47 2.53 

Temperature coefficient of output voltage 


25°C 

20 

ppm/°C 

Bias current 

IO = 0 

25-^0 

170 250 

pA 

Full range 

250 

Input voltage regulation 

V] = 4.5 V to 5.5 V 

25°C 

1.5 20 

pV 

Full range 

25 

V| = 4 V to 40 V 

25°C 

1.5 20 

pVA/ 

Full range 

25 

Ripple rejection 

f=120Hz, AV|(pp) = 1 V 

25°C 

80 

dB 

Output voltage regulation (source current)t 

Iq = 0 to -10 mA 

25°C 

-160 -45 160 

|iV 

Full range 

-250 250 

Iq = 0 to -20 mA 

25°C 

-450 -150 450 

Output voltage regulation (sink current)t 

IO = 0to 10 mA 

25°C 

-160 15 160 

pV 

Full range 

-250 250 

Iq = 0 to 20 mA 

25°C 

-235 65 235 

Long-term drift of output voltage 

At = 1000 h, Noncumulative 

25°C 

15 

ppm 

Output impedance 


25°C 

7.5 22.5 

ma 

Short-circuit output current (sink current) 

< 

O 

II 

Ol 

< 

25°C 

30 55 

mA 

Short-circuit output current (source current) 

o 

II 

O 

> 

-30 -50 

Output noise voltage, rms 

f = 10 Hz to 10 kHz 

25°C 

100 

|iV 

Output voltage response to output current step 

Vo to 0.1%, 

IO = ±10mA 

Cl = 0 

25°C 

110 

\iS 

Cl = 100pF 

115 

Vo to 0.01%, 

IO = ±10mA 

o 

11 

_j 

o 

180 

Cl=100pF 

180 

Output voltage response to input voltage step 

V| = 4.5 to 5.5 V, Vo to 0.1 % 

25°C 

12 

ps 

V| = 4.5 to 5.5 V, Vo to 0.01 % 

30 

Output voltage turn-on response 

V| = 0to5V, Vo to 0.1% 

25°C 

125 

ps 

Vi = 0to5V, Vo to 0.01% 

210 


t Full range is 0°C to 70°C. 

t Sample tested. Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal 
effects must be taken into account separately. 


Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


8-50 








































































































TLE2425, TLE2425Y 
PRECISION VIRTUAL GROUNDS 


SLOS065B- MARCH 1991 - REVISED AUGUST 1995 


electrical characteristics at specified free-air temperature, V| = 5 V, Iq = 0 (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TAt 

TLE2425I 

UNIT 

MIN TYP MAX 

Output voltage 


25°C 

2.48 2.5 2.52 

V 

Full range ' 

2.47 2.53 

Temperature coefficient of output voltage 


25°C 

20 

ppm/°C 

Bias current 

Io = o 

25'^C 

170 250 

pA 

Full range 

250 

Input voltage regulation 

V| = 4.5 V to 5.5 V 

25°C 

1.5 20 

|iV 

Full range 

75 

V| = 4 V to 40 V 

25°C 

1.5 20 

pVA/ 

Full range 

75 

Ripple rejection 

f=120Hz, AV|(pp) = 1 V 

25°C 

80 

dB 

Output voltage regulation (source current)^ 

Iq = 0 to-10 mA 

25°C 

-160 -45 160 

pV 

Full range 

-250 250 

Iq = 0 to -20 mA 

25°C 

-450 -150 450 

Output voltage regulation (sink current)t 

Iq = 0 to 8 mA 

25°C 

-160 15 160 

pV 

Full range 

-250 250 

Iq = 0 to 20 mA 

25°C 

-235 65 235 

Long-term drift of output voltage 

At = 1000 h, Noncumulative 

25°C 

15 

ppm 

Output impedance 


25°C 

7.5 22.5 

mQ 

Short-circuit output current (sink current) 

< 

O 

II 

Ol 

< 

25°C 

30 55 

mA 

Short-circuit output current (source current) 

< 

O 

II 

o 

-30 -50 

Output noise voltage, rms 

f = 10 Hz to 10 kHz 

25°C 

100 

pV 

Output voltage response to output current step 

Vo to 0.1%, 

Iq = ±10 mA 

Cl = 0 

25°C 

110 

ps 

CL=100pF 

115 

Vo to 0.01%, 

IO = ±10mA 

Cl = 0 

180 

Cl =100 pF 

180 

Output voltage response to input voltage step 

V|= 4.5 to 5.5 V, Vo to 0.1% 

25°C 

12 

ps 

V| = 4.5 to 5.5 V, Vo to 0.01 % 

30 

Output voltage turn-on response 

V| = 0to5V, Vo to 0.1% 

25°C 

125 

ps 

V| = 0to5V, Vo to 0.01% 

210 


t Full range is -40°C to 85°C. 

t Sample tested. Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal 
effects must be taken into account separately. 
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TLE2425, TLC2425Y 
PRECISION VIRTUAL GROUNDS 


SLOS065B- MARCH 1991 - REVISED AUGUST 1995 


electrical characteristics at specified free-air temperature, V| = 5 V, Iq = 0 (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TAt 

TLE2425M 

UNIT 

MIN TYP MAX 

Output voltage 


25°C 

2.48 2.5 2.52 

V 

Full range 

2.47 2.53 

Temperature coefficient of output voltage 


25°C 

20 

ppm/°C 

Bias current 

o 

II 

P 

25°C 

170 250 

pA 

Full range 

250 

Input voltage regulation 

V| = 4.5 V to 5.5 V 

25°C 

1.5 20 

pV 

Full range 

100 

V| = 4.5 V to 40 V 

25°C 

1.5 20 

pV/V 

Full range 

100 

Ripple rejection 

f = 120Hz, AV|(pp) = 1 V 

25°C 

80 

dB 

Output voltage regulation (source current)^ 

Iq = 0 to-10 mA 

25°C 

-160 -45 160 

pV 

Full range 

-250 250 

Iq - 0 to -20 mA 

25°C 

-450 -150 450 

Output voltage regulation (sink current)t 

Iq = 0 to 3 mA 

25°C 

-160 15 160 

pV 

Full range 

-250 250 

Iq = 0 to 20 mA 

25°C 

-235 65 235 

Long-term drift of output voltage 

At = 1000 h, Noncumulative 

25°C 

15 

ppm 

Output impedance 


25°C 

7.5 22.5 

mO 

Short-circuit output current (sink current) 

> 

IT) 

II 

O 

> 

25°C 

30 55 

mA 

Short-circuit output current (source current) 

o 

II 

O 

> 

-30 -50 

Output noise voltage, rms 

f = 10 Hz to 10 kHz 

25°C 

100 

fiV 

Output voltage response to output current step 

Vo to 0.1%, 

Iq = ± 10 mA 

O 

1” 

II 

o 

25°C 

110 

[IS 

Li. 

Q. 

O 

O 

II 

-J 

O 

115 

Vq to 0.01%, 

Iq = ± 10 mA 

Cl = 0 

180 

Cl=100pF 

180 

Output voltage response to input voltage step 

V| = 4.5 to 5.5 V, Vo to 0.1 % 

25°C 

12 

[IS 

V| = 4.5 to 5.5 V, Vo to 0.01% 

30 

Output voltage turn-on response 

V| = 0to5V, Vo to 0.1% 

25°C 

125 

ITS 

Vi = 0to5V, Vo to 0.01% 

210 


t Full range is -55°C to 125°C. 

t Sample tested. Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal 
effects must be taken into account separately. 
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TLE2425, TLE2425Y 
PRECISION VIRTUAL GROUNDS 


SLOS065B - MARCH 1991 - REVISED AUGUST 1995 


electrical characteristics V| = 5 V, Iq = (unless otherwise noted) 



TEST CONDITIONS 

TLE2425Y 

UNIT 


MIN TYP MAX 

Output voltage 


2.5 

V 

Temperature coefficient of output voltage 


20 

ppm/°C 

Bias current 

Io = o 

170 

pA 

Input voltage regulation 

V|=: 4.5 V to 5.5 V 

1.5 

nv 

V| = 4 V to 40 V 

1.5 

pVA/ 

Ripple rejection 

f = 120 Hz, 

AV|(pp) == 1 V 

80 

dB 

Output voltage regulation (source current)t 

IO = 0to-10 mA 

-45 

pV 

Iq = 0 to -20 mA 

-150 

Output voltage regulation (sink current)t 

IO = 0to10mA 

15 

pV 

Iq = 0 to 20 mA 

65 

Output Impedance 


7.5 

mii 

Short-circuit output current (sink current) 

< 

o 

II 

01 

< 

55 

mA 

Short-circuit output current (source current) 

o 

II 

O 

> 

-50 

Output noise voltage, rms 

f = 10 Hz to 10 kHz 

100 

pV 


Vo to 0.1%, lo = ±10mA 

Cl = 0 

110 


Output voltage response to output current step 

Cl= lOOpF 

115 

ps 

Vo to 0.01%, lo = ±10mA 

Cl = 0 

180 


CL=100pF 

180 


Output voltage response to input voltage step 

V| = 4.5 to 5.5 V, 

Vo to 0.1% 

12 

ps 

Vf = 4.5 to 5.5 V, 

Vo to 0.01% 

30 

Output voltage turn-on response 

V| = 0 to 5 V, 

Vo to 0.1% 

125 

ps 

V|=0to5V, 

Vo to 0.01% 

210 


t Sample tested. Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal 
effects must be taken into account separately. 
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TLE2425C, TLE2425I, TLE2425M 
PRECISION VIRTUAL GROUNDS 


SLOS065B-MARCH 1991 -REVISED AUGUST 1995 


TYPICAL CHARACTERISTICS 


Table Of Graphs 
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TLE2425C, TLE2425I, TLE2425M 
PRECISION VIRTUAL GROUNDS 


SLOS065B - MARCH 1991 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTICSt 


DISTRIBUTION OF 
OUTPUT VOLTAGE 


OUTPUT VOLTAGE 
vs 


O) 

B 


24 


201 


16 


12 


V| = 5 V 
Ta = 25°C 


100 Uni 
From 1 

ts Tested 
Wafer Lot 



Jl 


a ^ 



h_ 


2.48 2.49 2.5 2.51 

Vq - Output Voltage - V 

Figure 1 


2.52 



-75 -50 -25 0 25 50 75 100 125 

Ta “ Free-Air Temperature - °C 

Figure 2 


OUTPUT VOLTAGE HYSTERESIS 
vs 


INPUT BIAS CURRENT 
vs 



-75 -50 -25 0 25 50 75 100 125 

Ta - Free-Air Temperature - °C 

Figure 3 


< 

zL 


o 

0) 

(B 

m 


I 

m 



10 15 20 25 30 

V| - input Voltage - V 

Figure 4 


35 40 


t Data at high and low temperatures are applicable within rated operating free-air temperature ranges of the various devices. 
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TLE2425C, TLE2425I, TLE2425M 
PRECISION VIRTUAL GROUNDS 


SLOS065B - MARCH 1991 - REVISED AUGUST 1995 

TYPICAL CHARACTERISTICSt 


INPUT BIAS CURRENT 


VS 



-75 -50 -25 0 25 50 75 100 125 

Ta - Free-Air Temperature - °C 


> 

I 



< 



0 10 20 30 40 

V| - Input Voltage - V 


Figure 5 


Figure 6 


RIPPLE REJECTION 


vs 



10 100 Ik 10 k 100 k 1M 

f - Frequency - Hz 



-10 -8 -6 -4 -2 0 2 4 6 8 10 

Iq Output Current - mA 


Figure 7 


Figure 8 


t Data at high and low temperatures are applicable within rated operating free-air temperature ranges of the various devices. 
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- Spectral Noise Voltage Density - nV/Vhiz " Output Impedance - 


TLE2425C, TLE2425i, TLE2425M 
PRECISION VIRTUAL GROUNDS 


SLOS065B - MARCH 1991 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTICS 


OUTPUT IMPEDANCE 
vs 

FREQUENCY 


umiiiiiif 




iiU 

i 
■ 
III 
III 


SHORT-CIRCUIT OUTPUT CURRENT 
vs 

FREE-AIR TEMPERATURE 


r I los I 

Output Sink, Vq = 5 V 


-1-'OS H- 

Output Source, Vq = 0 


100 Ik 10 k 100 k 1M 

f - Frequency - Hz 

-75 -50 -25 0 25 50 75 100 

Ta - Free-Air Temperature - °C 

Figure 9 

Figure 10 

SPECTRAL NOISE VOLTAGE DENSITY 
vs 

FREQUENCY 

WiDE-BAND NOISE VOLTAGE 
vs 

FREQUENCY 



Hi 

II 

ill 
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- Output Voltage - V AVq- change in Output Voltage-mV 


TLE2425C, TLE2425I, TLE2425M 
PRECISION VIRTUAL GROUNDS 


SLOS065B - MARCH 1991 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTICS 


OUTPUT VOLTAGE RESPONSE 
TO OUTPUT CURRENT STEP 


OUTPUT VOLTAGE RESPONSE 
TO INPUT VOLTAGE STEP 



Cl = 100 pF 
Ta = 25°C 


Vq Response 



M { 












V| = 5.5 V 


\mm\ 



n 

ri 

il 1 J 

TT T_ 

H 



i 0 . 1 % 

V| = 4.5 V 


io = o 

Cl = 100 pF 
Ta = 25°C 


Output Voltage Response 


Input Voltage Step 



1 10 20 
t - Time - ns 

130 

10-610-5 10-4 10-3 10-2 10-1 IOO IOI 102 
Cl- Load Capacitance - (iF 

Figure 15 


Figure 16 


Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


8-58 
























TLE2425C, TLE2425I, TLE2425M 
PRECISION VIRTUAL GROUNDS 

SLOS065B - MARCH 1991 -- REVISED AUGUST 1995 


macromodel information 

* TLE2425 OPERATIONAL AMPLIFIER "MACROMODEL" SUBCIRCUIT 

* CREATED USING PARTS RELEASE 4.03 ON 08/21/90 AT 13:51 

* REV (N/A) SUPPLY VOLTAGE: 5 V 

* CONNECTIONS: INPUT 

* COMMON 

* I OUTPUT 

* I I 

.SUBCKT TLE2425 345 


* OPAMP SECTION 


Cl 

11 

12 

21.66E-12 

C2 

6 

7 

30.00E-12 

C3 

87 

0 

10.64E-9 

CPSR 

85 

86 

15.9E-9 

DCM+ 

81 

82 

DX 

DCM- 

83 

81 

DX 

DC 

5 

53 

DX 

DE 

54 

5 

DX 

DLN 

92 

90 

DX 

DLP 

90 

91 

DX 

DP 

4 

3 

DX 

ECMR 

84 

99 

(2,99) 1 

EGND 

99 

0 

POLY(2) (3,0) (4,0) 0 .5 .5 

EPSR 

85 

0 

POLY(l) (3,4) -16.22E-6 3.24E-6 

ENSE 

89 

2 

POLY(l) (88,0) 120E-6 1 

FB 

-10E6 

7 99 
74E6 

POLY(6) VB VC VE VLPVLNVPSR 0 74.8E6 -10E6 10E6 10E6 

GA 

6 

0 

11 12 320.4E-6 

GCM 

0 

6 

10 99 1.013E-9 

GPSR 

85 

86 

(85,86) lOOE-6 

GRCl 

4 

11 

(4,11) 3.204E-4 

GRC2 

4 

12 

(4,12) 3.204E-4 

GREl 

13 

10 

(13,10) 1.038E-3 

GRE2 

14 

10 

(14,10) 1.038E-3 

HLIM 

90 

0 

VLIM IK 

HCMR 

80 

1 

POLY (2) VCM+ VCM- 0 1E2 1E2 

IRP 

3 

4 

146E-6 

lEE 

3 

10 

DC 24.05E-6 

no 

2 

0 

.2E-9 

11 

88 

0 

lE-21 

Q1 

11 

89 

13 QX 

Q2 

12 

80 

14 QX 

R2 

6 

9 

100.0E3 

RCM 

84 

81 

IK 

REE 

10 

99 

8.316E6 

RNl 

87 

0 

2.55E8 

RN2 

87 

88 

11.67E3 
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TLE2425C, TLE2425I, TLE2425M 
PRECISION VIRTUAL GROUNDS 


SLOS065B - MARCH 1991 - REVISED AUGUST 1995 


macromodel information (continued) 


ROl 

8 

5 

63 


R02 

7 

99 

62 


VCM+ 

82 

99 

1.0 


VCM- 

83 

99 

-2. 

3 

VB 

9 

0 

DC 

0 

VC 

3 

53 

DC 

1.400 

VE 

54 

4 

DC 

1.400 

VLIM 

7 

8 

DC 

0 

VLP 

91 

0 

DC 

30 

VLN 

0 

92 

DC 

30 

VPSR 

0 

86 

DC 

0 

RFB 

5 

2 

IK 


RIN 

30 

1 

IK 


RCOM 

34 

4 

.1 



*RE6ULAT0R SECTION 

R61 30 0 20ME6 

RG2 30 31 .2 

RG3 31 35 400K 

RG4 35 34 411K 

RG5 31 36 25MEG 

HREG 31 32 POLY (2) VPSET VNSET 0 1E21E2 

VREG 32 33 DC OV 

EREG 33 34 POLY(l) (36,34) 1.23 1 

VADJ 36 34 1.27V 

HPSET 37 0 VREG 1.030E3 

VPSET 38 0 DC 20V 

HNSET 39 0 VREG 6.11E5 

VNSET 40 0 DC -20V 

DSUB 4 34 DX 

DPOS 37 38 DX 

DNNEG 40 39 DX 

.MODEL DX D(IS«800.0E-18) 

.MODEL QX PNP(ISs800.0E-18 BF»480) 

.ENDS 
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1/2 V| Virtual Ground for Analog Systems 
Self-Contained 3-termlnal TO-226AA 
Package 

Micropower Operation ... 170 |iA Typ, 

V| = 5 V 

Wide V| Range ... 4 V to 40 V 
High Output-Current Capability 

- Source... 20 mA Typ 

- Sink... 20 mA Typ 


TLE2426, TLE2426Y 
THE “RAILSPLIHER” 
PRECISION VIRTUAL GROUND 

SLOS098B - AUGUST 1991 - REVISED AUGUST 1995 


• Excellent Output Regulation 

-45 )xV Typ at Iq = 0 to -10 mA 

- +15 |iV Typ at Iq = 0 to +10 mA 

• Low-Impedance Output... 0.0075 Q Typ 

• Noise Reduction Pin (D, JG, and P 
Packages Only) 

INPUT/OUTPUT TRANSFER CHARACTERISTICS 


description 




0.5 

■ Time - s 


In signal-conditioning applications utilizing a ' 

single power source, a reference voltage equal to \ j 

one-half the supply voltage is required for > 6 -V- 

termination of all analog signal grounds. Texas © \ / 

Instruments introduces a precision virtual ground 5 N. y 

whose output voltage is always equal to one-half 5 4 yr -/- 

the input voltage, the TLE2426 “rail splitter.” ^ y 

The unique combination of a high-performance, 

micropower operational amplifier and a precision- 2 --—^ - 

trimmed divider on a single silicon chip results in 
a precise Vq/Vi ratio of 0.5 while sinking and 

sourcing current. The TLE2426 provides a low- 0 ---- 

impedance output with 20 mA of sink and source ° ^ 

capability while drawing less than 280 pA " ime-s 

of supply current over the full input range of 4 V to 40 V. A designer need not pay the price in terms of board 
space for a conventional signal ground consisting of resistors, capacitors, operational amplifiers, and voltage 
references. The performance and precision of the TLE2426 Is available in an easy-to-use, space saving, 
3-terminal LP package. For increased performance, the optional 8-pln packages provide a noise-reduction pin. 
Wtih the addition of an external capacitor (Cnr), peak-to-peak noise is reduced while line ripple rejection is 
improved. 

Initial output tolerance for a single 5-V or 12-V system is better than 1 % with 3.6% over the full 40-V input range. 
Ripple rejection exceeds 12 bits of accuracy. Whether the application is for a data acquisition front end, analog 
signal termination, or simply a precision voltage reference, the TLE2426 eliminates a major source of system 
error. 

The C-suffix devices are characterized for operation from 0°C to 70°C. The I suffix devices are characterized 
for operation from -40°C to 85°C. The M suffix devices are characterized over the full military temperature range 
of-55°Cto 125X. 

_ AVAILABLE OPTIONS 


PACKAGED DEVICES 


Ta 

SMALL 

OUTLINE 

(D) 

0°C to 70°C 

TLE2426CD 

-40°Cto 85°C 

TLE2426ID 

-55°C to 125°C 

TLE2426MD 


CERAMIC 

DIP 

(JG) 


TLE2426MJG 


PLASTIC 

(LP) 


TLE2426CLP 


TLE2426ILP 


TLE2426MLP 


PLASTIC 

DIP 

(P) 


TLE2426CP 


TLE2426IP 


TLE2426MP 



The D and LP packages are available taped and reeled in the commercial temperature range only. Add R suffix 
to the device type (e. g., TLC2426CDR). Chips are tested at 25°C. 


PRODUCTION DATA information is current as of pubiication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessariiy include 
testing of ali parameters. 
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TLE2426, TLE2426Y 
THE “RAIL SPLIHER” 
PRECISION VIRTUAL GROUND 

SLOS098B-AUGUST 1991 - REVISED AUGUST 1995 


D, JG, OR P PACKAGE 
(TOP VIEW) 


OUT [ 1 
COMMON [ 2 
IN [ 3 
NO r 4 


8 ] NOISE REDUCTION 
7 ]NC 
6 ]NC 
5 INC 


LP PACKAGE 
(TOP VIEW) 



NC - No internal connection 


TLE2426Y chip information 

This chip, properly assembled, displays characteristics similar to the TLE2426C. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be mounted with 
conductive epoxy or a gold-silicon preform. 
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TLE2426, TLE2426Y 
THE “RAIL SPLIHER” 
PRECISION VIRTUAL GROUND 

SLOS098B - AUGUST 1991 - REVISED AUGUST 1995 


absolute maximum ratings over operating free-air temperature (unless otherwise noted)t 


Continuous input voltage, V| . 40 V 

Continuous filter trap voltage . 40 V 

Output current, Iq . ±80 mA 

Duration of short-circuit current at (or below) 25°C (see Note 1) . unlimited 

Continuous total power dissipation . See Dissipation Rating Table 

Operating free-air temperature range, 7^: C suffix . 0°C to 70°C 

I suffix.-40°C to 85°C 

M suffix . -55^Cto 125°C 

Storage temperature range, . ~65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package . 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or LP package . 300°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum dissipation 
rating is not exceeded. 


DISSIPATION RATING TABLE 


PACKAGE 

Ta<25°C 
POWER RATING 

DERATING FACTOR 
ABOVE Ta = 25°C 

Ta = 70°c 
POWER RATING 

Ta = 85°C 
POWER RATING 

Ta =125°C 
POWER RATING 

D 

725 mV 

5.8 mW/°C 

464 mW 

377 mW 

145 mW 

JG 

1050 mV 

8.4 mW/°C 

672 mW 

546 mW 

210 mW 

LP 

775 mV 

6.2 mW/°C 

496 mW 

403 mW 

155 mW 

P 

1000 mV 

8.0 mW/°C 

640 mW 

520 mW 

200 mW 


recommended operating conditions 



C SUFFIX 

1 SUFFIX 

M SUFFIX 

UNIT 


MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

Input voltage, V| 

4 

40 

4 

40 

4 

40 

V 

Operating free-air temperature, Ta 

0 

70 

-40 

85 

-55 

125 

°c 
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TLE2426, TLE2426Y 
THE “RAIL SPLITTER” 
PRECISION VIRTUAL GROUND 

SLOS098B - AUGUST 1991 - REVISED AUGUST 1995 


electrical characteristics at specified free-air temperature, V| = 5 V, Iq = 0 (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TAt 


UNIT 

Output voltage 

V| = 4 V 

25°C 

1.98 2 2.02 

V 

V| = 5 V 

2.48 2.5 2.52 

V| = 40 V 

19.8 20 20.2 

Vi = 5 V 

Full range 

2.475 2.525 

Temperature coefficient of output voltage 


Full range 

25 

ppm/°C 

Supply current 

No load 

V| = 5 V 

25°C 

170 300 

pA 

V| = 4 to 40 V 

Full range 

400 

Output voltage regulation 
(sourcing current)t 

IO = 0to-10mA 

25°C 

-45 ±160 

pV 

Full range 

±250 

Iq = 0 to -20 mA 

25°C 

-150 ±450 

Output voltage regulation 
(sinking current)^ 

Iq = 0 to 10 mA 

25°C 

15 ±160 

pV 

Full range 

±250 

Iq = 0 to 20 mA 

25°C 

65 ±235 

Output impedance 


25°C 

7.5 22.5 

m^2 

Noise-reduction impedance 


25°C 

110 

kO. 

Short-circuit current 

Sinking current, Vq = 5 V 

25°C 

20 26 

mA 

Sourcing current, Vq = 0 

-20 -47 

Output noise voltage, rms 

f = 10 Hz to 10 kHz 

Cnr = o 

25°C 

120 

pV 

Cnr = 1 pF 

30 

Output voltage current step response 

VotoO.1%, lo = ±10mA 

Cl = 0 

25°C 

290 

ps 


275 

Vq to 0.01%, lo = ±10mA 

Cl = 0 

25°C 

400 

Cl =100 pF 

390 

Step response 

Vi=:0to5V, Vo to 0.1% 

Cl =100 pF 

25°C 

20 

ps 

V| = 0to5V, Vo to 0.01% 

160 


t Full range is 0°C to 70°C. 

t Sample tested. Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal 
effects must be taken into account separately. 
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TLE2426, TLE2426Y 
THE “RAILSPLinER” 
PRECISION VIRTUAL GROUND 

SLOS098B - AUGUST 1991 - REVISED AUGUST 1995 


electrical characteristics at specified free-air temperature, V| = 12 V, Iq = 0 (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

Ta^ 

TLE2426C 

MIN TYP MAX 

UNIT 

Output voltage 

V| = 4V 

25°C 

1.98 2 2.02 

V 

V| = 12 V 

5.95 6 6.05 

V| = 40V 

19.8 20 20.2 

V| = 12V 

Full range 

5.945 6.055 

Temperature coefficient of output voltage 


Full range 

35 

ppm/°C 

Supply current 

No load 

V| = 12V 

25°C 

195 300 

^lA 

V| = 4 to 40 V 

Full range 

400 

Output voltage regulation 
(sourcing current)^ 

IO = 0to-10mA 

25X 

-45 ±160 

pV 

Full range 

±250 

Iq = 0 to -20 mA 

25°C 

-150 ±450 

Output voltage regulation 
(sinking current)^ 

Iq = 0 to 10 mA 

25°C 

15 ±160 

pV 

Full range 

±250 

Iq = 0 to 20 mA 

25°C 

65 ±235 

Output impedance 


25°C 

7.5 22.5 

mi^ 

Noise-reduction impedance 


25°C 

110 

kQ 

Short-circuit current 

Sinking current, Vq = 12 V 

25°C 

20 31 

mA 

Sourcing current, Vq = 0 

-20 -70 

Output noise voltage, rms 

f = 10 Hz to 10 kHz 

Cnr = 0 

25°C 

120 

pV 

Cnr = 1 fiF 

30 

Output voltage current step response 

VotoO.1%, lo = ±10mA 

Cl = 0 

25°C 

290 

\iS 

Cl = 100 pF 

275 

Vo to 0.01%, lo = ±10mA 

Cl = 0 

25°C 

400 

Cl =100 pF 

390 

Step response 

V| = 0 to 12 V, Vo to 0.1% 

Cl = 100 pF 

25°C 

20 

\iS 

V| = 0to12V, Vo to 0.01% 

120 


t Full range is 0°C to 70°C. 

t Sample tested. Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal 
effects must be taken into account separately. 
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TLE2426, TLE2426Y 
THE “RAILSPLIHER” 
PRECISION VIRTUAL GROUND 

SLOS098B-AUGUST 1991 - REVISED AUGUST 1995 


electrical characteristics at specified free-air temperature, V| = 5 V, Iq = 0 (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

w 

TLE2426I 

MIN TYP MAX 

UNIT 

Output voltage 

> 

ii 

> 

25°C 

1.98 2 2.02 

V 

< 

II 

cn 

< 

2.48 2.5 2.52 

V| = 40 V 

19.8 20 20.2 

< 

II 

Ol 

< 

Full range 

2.47 2.53 

Temperature coefficient of output voltage 


Full range 

25 

ppm/°C 

Supply current 

No load 

< 

II 

Ol 

< 

25°C 

170 300 

\iA 

V| = 4 to 40 V 

Full range 

400 

Output voltage regulation 
(sourcing current)t 

IO = 0to-10mA 

25°C 

-45 ±160 

pV 

Full range 

±250 

Iq = 0 to -20 mA 

25°C 

-150 ±450 

Output voltage regulation 
(sinking current)^ 

Iq = 0 to 10 mA 

25X 

15 ±160 

pV 

Iq = 0 to 8 mA 

Full range 

±250 

lO = 0 to 20 mA 

25°C 

65 ±235 

Output impedance 


25°C 

7.5 22.5 

mi2 

Noise-reduction impedance 


25°C 

110 

kn 

Short-circuit current 

Sinking current, Vq = 5 V 

25°C 

20 26 

mA 

Sourcing current, Vq = 0 

-20 -47 

Output noise voltage, rms 

f = 10 Hz to 10 kHz 

Cnr = 0 

25X 

120 

pV 

Cnr = 1 pF 

30 

Output voltage current step response 

Vo to 0.1%, lo = ±10mA 

o 

II 

O 

25°C 

290 

ps 

Cl = 100 pF 

275 

Vo to 0.01%, lo = ±10mA 

o 

I” 

II 

o 

25°C 

400 

LL 

Q. 

o 

o 

II 

o 

390 

Step response 

V| = 0to5 V, Vo to 0.1% 

u, 

a. 

o 

o 

II 

O 

25°C 

20 

ps 

V| = 0to5V, Vo to 0.01% 

160 


t Full range is -40°C to 85°C. 

t Sample tested. Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal 
effects must be taken into account separately. 
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TLE2426, TLE2426Y 
THE “RAIL SPLIHER” 
PRECISION VIRTUAL GROUND 

SLOS098B-AUGUST 1991 - REVISED AUGUST 1995 


electrical characteristics at specified free-air temperature, V| = 12 V, Iq = 0 (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 


TLE2426I 

MIN TYP MAX 

UNIT 

Output voltage 

> 

II 

> 

25°C 

1.98 2 2.02 

V 

V| = 12V 

5.95 6 6.05 

V| = 40 V 

19.8 20 20.2 

V| = 12V 

Full range 

5.935 6.065 

Temperature coefficient of output voltage 


Full range 

35 

ppm/°C 

Supply current 

No load 

V| = 12V 

25°C 

195 300 

pA 

V| = 4 to 40 V 

Full range 

400 

Output voltage regulation 
(sourcing current)t 

Iq = 0to-10 mA 

25°C 

-45 ±160 

pV 

Full range 

±250 

IO = 0to-20 mA 

25°C 

-150 ±450 

Output voltage regulation 
(sinking current)t 

Iq = 0 to 10 mA 

25°C 

15 ±160 

pV 

Iq = 0 to 8 mA 

Full range 

±250 

Iq = 0 to 20 mA 

25°C 

65 ±235 

Output impedance 


25°C 

7.5 22.5 

mQ 

Noise-reduction impedance 


25°C 

110 

kQ 

Short-circuit current 

Sinking current, Vq = 12 V 

25°C 

20 31 

mA 

Sourcing current, Vq = 0 

-20 -70 

Output noise voltage, rms 

f= 10 Hz to 10 kHz 

Cnr = 0 

25°C 

120 

pV 


30 

Output voltage current step response 

Vo to 0.1%, lo = ±10mA 

o 

II 

_l 

O 

25°C 

290 

ps 

Cl = 100 pF 

275 

Vq to 0.01%, lo = ±10mA 

Cl = 0 

25°C 

400 

Cl = 100 pF 

390 

Step response 

V| = 0to12V, Vo to 0.1% 

Cl =100 pF 

25°C 

20 

[IS 

V| = 0 to 12 V, Vo to 0.01% 

120 


t Full range is -40°C to 85°C. 

t Sample tested. Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal 
effects must be taken into account separately. 
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TLE2426, TLE2426Y 
THE “RAIL SPLITTER” 
PRECISION VIRTUAL GROUND 

SLOS098B-AUGUST 1991 - REVISED AUGUST 1995 


electrical characteristics at specified free-air temperature, V| = 5 V, Iq = 0 (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

w 

TLE2426M 

MIN TYP MAX 

UNIT 

Output voltage 

< 

II 

< 

25°C 

1.98 2 2.02 

V 

< 

II 

Ol 

< 

2.48 2.5 2.52 

V| = 40 V 

19.8 20 20.2 

< 

II 

Ol 

< 

Full range 

2.465 2.535 

Temperature coefficient of output voltage 


Full range 

25 

ppm/°C 

Supply current 

No load 

V| = 5V 

25°C 

170 300 

pA 

V| = 4 to 40 V 

Full range 

400 

Output voltage regulation 
(sourcing current)^ 

IO = 0to-10mA 

25°C 

-45 ±160 

pV 

Full range 

±250 

Iq = 0 to -20 mA 

25°C 

-150 ±450 

Output voltage regulation 
(sinking current)t 

IO = 0to 10 mA 

25°C 

15 ±160 

pV 

Iq = 0 to 3 mA 

Full range 

±250 

Iq = 0 to 20 mA 

25°C 

65 ±235 

Output impedance 


25°C 

7.5 22.5 

mQ 

Noise-reduction impedance 


25°C 

110 

kO 

Short-circuit current 

Sinking current, Vq = 5 V 

25°C 

20 26 

mA 

Sourcing current, Vo = 0 

1 

o 

CM 

1 

Output noise voltage, rms 

f= 10 Hz to 10 kHz 

Cnr = 0 

25°C 

120 

pV 

Cnr = 1 pF 

30 

Output voltage current step response 

VotoO.1%, lo = ±10mA 

Cl = 0 

25°C 

290 

ps 

u_ 

Q. 

O 

O 

II 

O 

275 

Vo to 0.01%, lo = ±10mA 

o 

II 

O 

25°C 

400 

Cl = 100 pF 

390 

Step response 

V| = 0to5V, Vo to 0.1% 

Cl = 100pF 

25°C 

20 

ps 

Vi = 0to5V, Vo to 0.01% 

120 


t Full range is-55°C to 125°C. 

t Sample tested. Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal 
effects must be taken into account separately. 


Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 


8-68 

































































































TLE2426, TLE2426Y 
THE “RAIL SPUTTER” 
PRECISION VIRTUAL GROUND 

SLOS098B - AUGUST 1991 - REVISED AUGUST 1995 


electrical characteristics at specified free-air temperature, V| = 12 V, Iq = 0 (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TAt 

TLE2426M 

MIN TYP MAX 

UNIT 

Output voltage 

< 

II 

< 

25°C 

1.98 2 2.02 

V 

Vi = 12V 

5.95 6 6.05 

Vj = 40 V 

19.8 20 20.2 

V|=:12V 

Full range 

5.925 6.075 

Temperature coefficient of output voltage 


Full range 

35 

ppm/°C 

Supply current 

No load 

V| = 12V 

25°C 

195 250 

pA 

V| = 4 to 40 V 

Full range 

350 

Output voltage regulation 
(sourcing current)^ 

IO = 0to-10mA 

25°C 

-45 ±160 

pV 

Full range 

±250 

Iq = 0 to -20 mA 

25°C 

-150 ±450 

Output voltage regulation 
(sinking current)^ 

IO = 0to10mA 

25°C 

15 ±160 

pV 

Iq = 0 to 8 mA 

Full range 

±250 

Iq = 0 to 20 mA 

25°C 

65 ±235 

Output impedance 


25°C 

7.5 22.5 

mQ 

Noise-reduction impedance 


25°C 

110 

kQ 

Short-circuit current 

Sinking current, Vq = 12 V 

25°C 

20 31 

mA 

Sourcing current, Vq = 0 

-20 -70 

Output noise voltage, rms 

f = 10 Hz to 10 kHz 

Cnr = 0 

25°C 

120 

pV 

Cnr = 1 pF 

30 

Output voltage current step response 

Vo to 0.1%, lo = ±10mA 

o 

II 

-j 

O 

25°C 

290 

ps 

Cl = 100 pF 

275 

Vo to 0.01%, lo = ±10mA 

Cl = 0 

25°C 

400 

Cl =100pF 

390 

Step response 

V| = 0 to 12 V, Vo to 0.1% 

Cl =100 pF 

25°C 

12 

ps 

V| = 0to12V, Vo to 0.01% 

120 


t Full range is - 55°C to 125°C. 

t Sample tested. Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal 
effects must be taken into account separately. 
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TLE2426, TLE2426Y 
THE “RAIL SPLinER” 

PRECISION VIRTUAL GROUND 

SLOS098B-AUGUST 1991-REVISED AUGUST 1995 

electrical characteristics at specified free-air temperature, V| = 5 V, Iq = 0, = 25°C (unless 

otherwise noted) 



t Sample tested. Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal 
effects must be taken into account separately. 

electricai characteristics at specified free-air temperature, V| = 12 V, io = 0, T/v = 25''C (uniess 
otherwise noted) 



t Sample tested. Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal 
effects must be taken into account separately. 
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TLE2426, TLE2426Y 
THE “RAIL SPLIHER” 
PRECISION VIRTUAL GROUND 

SLOS098B - AUGUST 1991 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTICS 


Table Of Graphs 
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TLE2426, TLE2426Y 
THE “RAIL SPLITTER” 
PRECISION VIRTUAL GROUND 

SLOS098B - AUGUST 1991 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTICSt 


DISTRIBUTION 

OF 

OUTPUT VOLTAGE 


I 


I 

8 


2.5 


1.5 


0.5 


98 Units Tested 
From 2 Wafer Lots 
V| =: 5 V 
Ta = 25X 


2.48 2.49 2.5 2.51 

Vq “ Output Voltage - V 

Figure 1 

OUTPUT VOLTAGE CHANGE 
vs 


2.52 



-75 -50 -25 0 25 50 75 100 125 

Ta - Free-Air Temperature - °C 


DISTRIBUTION 

OF 

OUTPUT VOLTAGE 


I 

w 

.ts 

c 

3 

"5 


40 


30 


20 


10 


— 

98 Units Te 
From 2 Wa 
V| = 12V 
Ta = 25°C 

sted 
fer Lc 

■1 

■ 

1 






1 

! 





i 1 











6.025 6.05 6.075 

Vq - Output Voltage - V 

Figure 2 

OUTPUT VOLTAGE ERROR 
vs 


6.1 


I 


lU 

4> 

O) 

B 


a 

O 



8 12 16 20 24 28 32 36 40 

V| “ Input Voltage - V 

Figure 4 


Figure 3 

t Data at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices. 
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TLE2426, TLE2426Y 
THE “RAIL SPLITTER” 
PRECISION VIRTUAL GROUND 

SLOS098B - AUGUST 1991 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTICSt 


INPUT BIAS CURRENT 


300 


250 

< 

=L 

^ 200 
£ 

3 

o 

w 150 
(0 

m 

£ 100 
I 

m 


50 


0 

0 5 10 15 20 25 30 35 40 

V| - Input Voltage - V 

Figure 5 



INPUT BIAS CURRENT 


vs 



-75 -50 -20 0 25 50 75 100 125 

Ta - Free-Air Temperature - °C 


Figure 6 


OUTPUT VOLTAGE REGULATION 
vs 

OUTPUT CURRENT 



Figure 7 


OUTPUT IMPEDANCE 



f - Frequency - Hz 


Figure 8 


t Data at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices. 
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TLE2426, TLE2426Y 
THE “RAILSPLinER” 
PRECISION VIRTUAL GROUND 

SLOS098B - AUGUST 1991 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTICSt 


SHORT-CIRCUIT OUTPUT CURRENT 
ys 



0 5 10 15 20 25 30 35 40 

V| ~ Input Voltage -- V 


SHORT-CIRCUIT OUTPUT CURRENT 


vs 



0 5 10 15 20 25 30 35 40 

V| - Input Voltage - V 


Figure 9 


Figure 10 


SHORT-CIRCUIT OUTPUT CURRENT 


vs 



-75 -50 -25 0 25 50 75 100 125 

Ta - Free-AIr Temperature - °C 


Figure 11 


SHORT-CIRCUIT OUTPUT CURRENT 


vs 



-75 -50 -25 0 25 50 75 100 125 


Ta - Free-AIr Temperature - °C 
Figure 12 


t Data at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices. 
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AVq - Change In Output Voltage - mV Ripple Rejection - dB 


TLE2426, TLE2426Y 
THE “RAILSPLinER” 
PRECISION VIRTUAL GROUND 

SLOS098B - AUGUST 1991 - REVISED AUGUST 1995 


TYPICAL CHARACTERISTICS 


RIPPLE REJECTION 
vs 

FREQUENCY 


-^- 

V| = 5 V or 12 V 


1 


AV|(pp] 
L in = 0 

= 1V 


/\ Cn 

^ = 1 ^F 

Ta = 25°c 

_^_ 

y 

\ 



y 

/ 

\ 



y 



k 





\ 





\ 





\ 


— Cnr 

= 0 


Lv 


SPECTRAL NOISE VOLTAGE DENSITY 
vs 

FREQUENCY 

-^--- 

V| = 5Vor12V 
Ta = 25°C 








CnR 

1 

= 0 

1 

CnF 

1 = 1 nF 


I 

I 


f - Frequency - Hz 

Figure 13 


f - Frequency - Hz 

Figure 14 


OUTPUT VOLTAGE RESPONSE 
TO OUTPUT CURRENT STEP 


11 1 .n 

" T r 

-V| = 5V- 

Cl = 100 pF 

-- Ta = 25°C- 


1000 2000 
Time - \is 

Figure 15 


^ -10 mA 
3000 4000 


> 

I 

0 ) 

2» 1.5 


OUTPUT VOLTAGE POWER-UP RESPONSE 


Output Voltage Response 



io = o 

Cl = 100 pF 

Ta = 25 °c 


Input Voltage Step 

50 100 

Time - \is 


Figure 16 
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TLE2426, TLE2426Y 
THE “RAILSPLinER” 

PRECISION VIRTUAL GROUND 

SLOS098B - AUGUST 1991 - REVISED AUGUST 1995 

TYPICAL CHARACTERISTICS 


STABILITY RANGE 
OUTPUT CURRENT 
vs 

LOAD CAPACITANCE 



10-610-5 10-4 10-3 10-2 io-1 10® 10^ 102 

Cl- Load Capacitance - |xF 


Figure 17 
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TLE2426, TLE2426Y 
THE “RAIL SPLITTER” 
PRECISION VIRTUAL GROUND 

SLOS098B - AUGUST 1991 - REVISED AUGUST 1995 


macromodel information 

* TLE2426 OPERATIONAL AMPLIFIER "MACROMODEL" SUBCIRCUIT 

* CREATED USING PARTS RELEASE 4.03 ON 08/21/90 AT 13:51 

* REV (N/A) SUPPLY VOLTAGE: 5 V 

* CONNECTIONS: FILTER 

INPUT 

* COMMON 

* 1 OUTPUT 

* I I 

.SUBCKT TLE2426 1345 


Cl 

11 

12 

21.66E-12 



C2 

6 

7 

30.00E-12 



C3 

87 

0 

10.64E-9 



CPSR 

85 

86 

15.9E-9 



DCM + 

81 

82 

DX 



DCM- 

83 

81 

DX 



DC 

5 

53 

DX 



DE 

54 

5 

DX 



DLP 

90 

91 

DX 



DLN 

92 

90 

DX 



DP 

4 

3 

DX 



ECMR 

84 

99 

(2,99) 1 



EGND 

99 

0 

POLY(2) (3,0) (4,0) 0 .5 .5 



EPSR 

85 

0 

POLY(l) (3,4) -16.22E-63.24E-6 



ENSE 

89 

2 

POLY(l) (88,0) 120E-61 



FB 

7 

99 

POLY(6) VB VC VE VLPVLNVPSR 0 74.8E6-10E6 10E6 

10E6 

-10E6 74E6 

GA 

6 

0 

11 12 320.4E-6 



GCM 

0 

6 

10 99 1.013E-9 



GPSR 

85 

86 

(85,86) lOOE-6 



GRCl 

4 

11 

(4,11) 3.204E-4 



GRC2 

4 

12 

(4,12) 3.204E-4 



GREl 

13 

10 

(13,10) 1.038E-3 



GRE2 

14 

10 

(14,10) 1.038E-3 



HLIM 

90 

0 

VLIM IK 



HCMR 

80 

1 

POLY (2) VCM+ VCM- 0 1E2 1E2 



IRP 

3 

4 

146R-6 



I EE 

3 

10 

DC 24.05E-6 



no 

2 

0 

.2E-9 



11 

88 

0 

lE-21 



Q1 

11 

89 

13 QX 



Q2 

12 

80 

14 QX 



R2 

6 

9 

100.0E3 



RCM 

84 

81 

IK 



REE 

10 

99 

8.316E6 



RNl 

87 

0 

2.55E8 



RN2 

87 

88 

11.67E3 



ROl 

8 

5 

63 



R02 

7 

99 

62 



VCM + 

82 

99 

1.0 



VCM- 

83 

99 

-2.3 



VB 

9 

0 

DC 0 



VC 

3 

53 

DC 1.400 



VE 

54 

4 

DC 1.400 



VLIM 

7 

8 

DC 0 



VLP 

91 

0 

DC 30 



VLN 

0 

92 

DC 3 0 



VPSR 

0 

86 

DC 0 



RFB 

5 

2 

IK 



RINl 

3 

1 

220K 



RIN2 

1 

4 

220K 




.MODEL DX D(IS=800.0E-18) 

.MODEL QX PNP,(IS=800.0E-18BF=480) 
.ENDS 
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TPS2811, TPS2812, TPS2814, TPS2815 
DUAL HIGH-SPEED MOSFET DRIVERS 


SLVS132 - OCTOBER 1995 


I • Industry-Standard Driver Replacement 
I • 20-ns Max Rise/Fall Times and 30 ns Max 
I Propagation Delay - 1-nF Load 
I • 2-A Peak Output Current 
I • 100-m^A Supply Current - Inputs High or 
Low 

• 4-V to 14-V Driver Supply Voltage Range; 
Internal Regulator Extends Range to 34 V 

• ~40X to 150°C Junction Temperature 
Operating Range. 

description 

The TPS2811 series of dual high-speed MOSFET 
drivers are capable of delivering peak currents of 
2 A into highly capacitive loads. This performance 
is accompanied by supply currents an order of 
magnitude lower than those of competitive 
products. The design inherently minimizes 
shoot-through current. 


TPS2811, TPS2812, TPS2813 ... D, P, AND PW 
PACKAGES 
(TOP VIEW) 



TPS2814, TPS2815 ... D, P, AND PW 
PACKAGES 
(TOP VIEW) 

1IN [ 1 8 ]GND 

2IN [ 2 7 ] 10UT 

3IN [ 3 . 6 ] Vcc 

4IN [ 4 5 ] 20UT 


Each of the TPS2811, TPS2812, and TPS2813 drivers include a regulator to allow operation with supply inputs 
between 14 V and 34 V. The regulator output can be used to power other circuitry, provided power dissipation 
does not exceed package limitations. Supply voltages below 14 V may be connected directly to Vqq, REG_0UT, 
and REGJN, or REGJN can be left open. 


The TPS2811 series are available In 8-pin PDIP, SOIC, and TSSOP packages and operate over a junction 
temperature range of -40°C to 150°C. 


PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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TPS2811, TPS2812, TPS2814, tPS2815 
DUAL HIGH-SPEED MOSFET DRIVERS 


SLA^S132^0CTOBER1995^^^^^^^^ 

logic diagrams (positive logic) 

TPS2811 



GND 

TPS2813 



n 3 
GND 

TPS2815 



GND 


TPS2812 



GND 

TPS2814 

vcc 

1 OUT 

2 OUT 

GND 
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TPS9103 

POWER SUPPLY FOR GaAs POWER AMPLIFIERS 


• On-chip Charge Pump Provides Negative 
Gate Bias for Depietion-Mode GaAs Power 
Amplifiers 

• Buffered Clock Output to Drive Additional 
External Charge Pump 

• 200-mn High-Side Switch With Logic- 
Compatible Enable Input Controls Supply 
Voltage to the GaAs Power Amplifier 

• Power-Good Circuitry Prevents High-Side 
Switch Turn-on Until Negative Gate Bias is 
Present 

• Charge Pump Can Be Driven From the 
internal Oscillator or An External Clock 

• 10-)iA Maximum Standby Current 

• Low-Profile (1.2-mm Max Height), 20-Pin 
TSSOP Package 
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PW PACKAGE 
(TOP VIEW) 


GATE_BIAS 

Vcc 
C1- 
C1 + 
BATT.IN 
BATTJN 
BATT_IN 
PGP 
PG 
GND 



Vqd 

CLK 

BCLK 

GND 

BATT_OUT 

BATT.OUT 

BATT_OUT 

SW_EN 

OSC_EN 

EN 


description 

The TPS9103 is a highly integrated power supply for depletion-mode GaAs power amplifiers (PA) in cellular 
handsets and other wireless communications equipment. Functional integration and low-profile packaging 
combine to minimize circuit-board area and component height requirements. The device Includes; a p-channel 
MOSFET, configured as a high-side switch to control the application of power to the PA; a driver for the high-side 
switch with a logic-compatible Input; a charge pump to provide negative gate-bias voltage; and logic to prevent 
turn-on of the high-side switch until gate bias is present. The high-side switch has a maximum on-state 
resistance of 200 mH. 

The TPS9103 is available in a 20-pin TSSOP package and operates over an ambient temperature range of 
-40°C to 85°C. 


AVAILABLE OPTIONS 


Ta 

PACKAGED DEVICE 

CHIP FORM 
(Y) 

TSSOP 

(PW) 

-40°C to 85°C 

TPS9103IPWLE 

TPS9103Y 


The PW package is only available left-end taped and reeled 
(indicated by the LE suffix on the device type). 


PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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Terminal Functions 


TERMINAL 

NAME 

NO. 

DESCRIPTION 

GATE_BIAS 1 

Negative gate-bias output voltage 

Vcc 

2 

Logic supply voltage 

Cl- 

3 

External capacitor connection (inverting charge pump) 


4 

External capacitor connection (inverting charge pump) 

BATT_IN 

5 

High-side switch input voltage 

BATT_IN 

6 

High-side switch input voltage 

BATT_IN 

7 

High-side switch input voltage 

PGP 

8 

Program input for power-good threshold 

PG 

9 

Power-good output 

GND 

10 

Ground 

EN 

11 

Chip-enable input 

OSC_EN 

12 

Oscillator-enable input 

SW_EN 

13 

High-side switch enable input 

BATT_OUT 

14 

High-side switch output voltage 

BATT_OUT 

15 

High-side switch output voltage 

BATT_OUT 

16 

High-side switch output voltage 

GND 

17 

Ground 

BCLK 

18 

Buffered clock output 

CLK 

19 

Clock (bidirectional) 

Vdd 

20 

Charge-pump supply voltage 
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TPS9103Y chip information 

This chip, when properly assembled, displays characteristics similar to the TPS9103. Thermal compression or 
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with conductive 
epoxy or a gold-silicon preform. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


High-side switch input voltage, at BATTJN (see Note 1) .-0.3 V to 15 V 

Supply voltage, Vqq, Vdd . -0-3 V to 7 V 

Differential input voltage, at GATE_BIAS (see Note 2) .. 15V 

Input voltage at SW_EN, EN, CLK, OS.CEN, PG, GND .. -0.3 V to Vcc + 0.3 V 

Voltage at GATE_BIAS . -5.5 V 

Output current at PG . 

Output current at BCLK . 

Continuous output current at GATE_BIAS . lOmA 

Continuous output current at BATT_OUT . 2 A 

Peak output current at BATT_OUT . 4 A 

Maximum capacitor value at Cl . 0.4 pF 

Maximum external clock frequency at CLK . 100 kHz 

Continuous total dissipation . See Dissipation Rating Table 

Operating free-air temperature range . -40°C to 85°C 

Junction temperature range, Tj . -40°C to 125°C 

Storage temperature range, Tgtg . -65°C to 150°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltages are with respect to device GND. 

2. Differential voltage calculated: IV|maxl + IGATE_BIASI 


DISSIPATION RATING TABLE 


PACKAGE 

Ta<25°C 

DERATING FACTOR 

Ta = 70°c 

Ta = 85°C 

POWER RATING 

ABOVE Ta = 25°C 

POWER RATING 

POWER RATING 

PW 

645 mW 

6.5 mW/°C 

353 mW 

255 mW 


recommended operating conditions 



MIN NOM 

MAX 

UNIT 

High-side switch input voltage, at BATT_IN 

3 

9 

V 

Supply voltage, Vcc, Vqd 

mourn 

5.5 

V 

Output voltage, Vq, at GATE_BIAS 

-2 

-5 

V 

Continuous output current at GATE_BIAS 

0 

10 

mA 

Continuous output current at BATT_OUT 

0 

A 

Charge-pump capacitor value at C1 

0.33 


External clock frequency at CLK 

25 

75 

kHz 

Operating free-air temperature, Ta 

-^0 

85 

°C 
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electrical characteristics over recommended operating free-air temperature range, V| = 6 V, 
Vcc = Vdd = 3-3 V, l(BATT_OUT) = 0.5 A, l(GATE_BIAS) = 2 mA, EN = OSC_EN = 0 V, 
SW_EN = Vcc> Cl = 0.33 jiiF (unless otherwise noted) 

charge pump 


PARAMETER 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

Output voltage 

Ta = 25"C 

-3 -3.15 

-3.3 

V 

Output Resistance 

Vcc = 3.3V 

90 

Q 


high-side switch 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

On resistance 

Ta = 25°C 

200 

mQ 

Ta = 25°c, V|(baTTJN) = 3 V 

400 

mQ 

Leakage current 

Ta = 25°C, V|(baTTJN) = 9 V, SW_EN = 0 V 

1 

pA 

Ta = 85°c, V|(baTTJN) = 9 V, SW_EN = 0 V 

10 

Delay to output high 

SW_EN from 0 V to Vqc 

2 

ps 

Delay to output low 

SW_EN from Vcc to 0 V 

2 

ps 


oscillator 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Frequency 

Ta = 25°C 

45 

50 

55 

kHz 

Vcc = 2.7 V to 5.5 V 

40 


60 

kHz 

Duty cycle 

Vcc = 2.7 V to 5.5 V 

40% 

50% 

60% 



buffered clock output (BCLK) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Output Resistance 


10 

a 

High-state output voltage 

l(BCLK) = 30 mA 

Vcc-0-3 

V 

Low-stage output voltage 

l(BCLK) = 30 mA 

0.4 

V 


0 


digital inputs (SW_EN, EN, OSC_EN, CLK) 


PARAMETER 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

High-level input voltage 


Vcc “ 0.3 

Vcc + 0-3 

V 

Low-level input voltage 


GND-0.3 

GND + 0.3 

V 

Input current 


-1 

1 

pA 


power good (PG) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Threshold voltage 

See Note 3 

0.60 X Vqd 

V 

On-state voltage 

l(PG) = 500 pA 

0.3 

V 

Off-state voltage 

l(PG) = -500pA 

Vcc-0.3 

V 

Delay GATE_BIAS to PG 

See Note 4 

5 

ps 


NOTES: 3. Threshold externally adjustable by programming PGP input. 

4. Power-good output PG must be logic zero 5 ps after GATE_BIAS drops below threshold; i.e., GATE_BIAS is not negative enough. 

power good (PGP) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Input impedance 


100 

kQ 
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undervoltage lockout (UVLO) 


PARAMETER 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

Start threshold voltage 


2.4 


v 

Hysteresis 


100 

mV 


undervoltage lockout (UVDLO) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Start threshold voltage 



V 

Hysteresis 


100 

mV 


supply current (ICC) 


PARAMETER 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

Standby 


1 

10 

|iA 

UVLO 

Vcc < 2-4 V 

30 

50 

|xA 

Operating 


350 

500 

pA 


PRINCIPLES OF OPERATION 


functional description 

high-side switch and driver (BATTJN, BATT_OUT, SW_EN) 

The high-side switch is a p-channel MOSFET with a maximum on-state resistance of 200 mQ 
(V|(batt_IN) = 6 V and Vcc = 3-3 V). The driver pulls the gate of the high-side switch to GATE_BIAS instead of 
ground to reduce the size of the MOSFET Gate breakdown considerations limit BATTJN-to-GATE_BIAS to 15 
V. Extremely fast switching times are not required in this application, and the high-side switch/driver is designed 
to provide 2 ps maximum switching times with minimum power consumption. The GaAs depletion-mode 
MOSFETs in the PA are protected from damage at power-up by internal logic that inhibits the driver until negative 
gate bias is available. The control input SW_EN is compatible with 3-V and 5-V CMOS logic; a logic-high input 
turns the high-side switch on. 

oscillator (OSC_EN, CLK) 

The internal o scillator drives the charge pump at 50 kHz with a nominal duty cycle of 50% when both the ^ 
and OSC_ EN inputs are logic lows. CLK outputs the internal oscillator signal (no buffer). A logic-high input to 
OSC_EN disables the internal oscillator and allows the charge pump to operate from an external clock 
connected to CLK. 

charge pump (GATE_BIAS, C1 +, C1 -) 

The inverting charge pump generates the negative gate-bias voltage output GATE_BIAS. 

chip enabie (EN) 

A logic high on EN shuts down the internal functions of the TPS9103 and turns the bias system off, reducing 
the supply current to less than 10 pA. A logic-low input causes normal operation to resume. 

power good (PG, PGP) 

PG output is logic low if GATE_BIAS is not in regulation. The high-side switch is disabled and PG is forced to 
logic low whenever the magnitude of GATE_BIAS is less than 0.6 x Vdd- A modified threshold for the 
power-good function can be achieved by programming PGP with an external resistor. 
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PRINCIPLES OF OPERATION 

undervoltage lockout for Vcc and Vpp (UVLO and UVDLO) 

Undervoltage lockout prevents operation at supply voltages too low for proper operation. When UVLO or 
UVDLO is active, all power-switch drives are forced to the off state and bias is removed from unneeded 
functions. A minimum 100 mV of hysteresis is built in to minimize cycling on and off because of source 
impedance loading when the supply voltage is close to the threshold. 

buffered clock output (BCLK) 

The buffered clock output is a driver of an external charge pump. For more details, please see the application 
section. 

supply input for inverting charge pump (Vqq) 

Vqd is a separate supply input for the inverting charge pump. In normal operation, Vqd is connected to Vqq. 
If the negative gate-bias absolute value needs to be larger than Vqc (i s*, ^ore negative), then a higher voltage 
supply needs to be connected to Vdd- This can be supplied from an external charge pump driven from BCLK. 
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Abstract 


In this application report, the TL494 switching power supply control is discussed 
in detail. A general overview of the device’s architecture presents the primary functions 
contained in the 16-pin dual-in-line package and its features. An in-depth study of each 
of the device’s primary building blocks highlights the versatility and limitations of the 
control circuit and gives a thorough understanding of their interrelationship. Applying the 
control circuit to several basic applications demonstrates the circuits’ usefulness and outlines 
some still unresolved problems. 


Introduction 

Over the past few years, a series of monolithic integrated circuits for the control 
of switching power supplies have been introduced. One of these, the TL494, combines 
many of the features previously requiring several control circuits. The TL494 simplifies 
many design problems with its unique architecture. It is the purpose of this application 
report to give the reader a thorough understanding of the TL494, its features, its 
performance characteristics, and its limitations. 


OUTPUT 

V| Vref control 



Figure 1. TL494 Block Diagram 





The Basic Device 


The design of the TL494 not only incorporates the primary building blocks required 
for the control of a switching power supply but also addresses many basic problems and 
reduces the amount of additional circuitry required in a total design. Figure 1 shows a 
block diagram of the TL494. 


Principle of Operation 

The TL494 is a fixed-frequency pulse-width-modulation (PWM) control circuit. 
Modulation of output pulses is accomplished by comparison of the sawtooth waveform, 
created by the internal oscillator on the timing capacitor (Cj), to either of two control 
signals. The output stage is enabled during that portion of time when the sawtooth voltage 
is greater than the control signals. As the control signals increase, the period of time the 
sawtooth input is greater decreases; therefore the output pulse duration decreases. A pulse¬ 
steering flip-flop alternately directs the modulated pulse to each of the two output transistors. 
Figure 2 illustrates the relationship between the pulses and signals. 



Figure 2* TL494 Modulation Technique 

The control signals are derived from two sources: the dead-time (off-time) control 
circuit and the error amplifier circuit. The dead-time-control input is compared directly 
by the dead-time-control comparator. This comparator has a fixed 100-mV offset. With 
the control input biased to ground, the output is inhibited during the portion of time the 
sawtooth waveform is below 110 mV. This provides a preset dead time of approximately 
3%, which is the minimum dead time that can be programmed. The PWM comparator 
compares the control signal created by the error amplifiers. One function of the error 



amplifier is to monitor the output voltage and provide sufficient gain so that millivolts 
of error at its input will result in a control signal of sufficient amplitude to provide 100% 
modulation control. The error amplifiers can also be used to monitor the output current 
and provide current limiting to the load. 

5-V Reference Regulator 

The TL494 internal 5-V reference regulator is shown in Figure 3. In addition to 
providing a stable reference, it acts as a preregulator and establishes a stable supply from 
which the output-control logic, pulse-steering flip-flop, oscillator, dead-time-control 
comparator, and PWM comparator are powered. The regulator employs a band-gap circuit 
as its primary reference to maintain a thermal stability of less than 100-mV variation over 
the operating free-air temperature range of 0®C to 70 °C. Short-circuit protection is provided 
to protect the internal circuit from excessive load or short-circuit conditions. Designed 
primarily as an internal reference and preregulator, 10 mA of load current is available 
for additional bias circuits. The reference is internally programmed to an initial accuracy 
of ±5% and maintains a stability of less than 25-mV variation over an input voltage range 
of 7 V to 40 V. For input voltages less than 7 V, the regulator saturates within 1 V of 
the input voltage and tracks it, as shown in Figure 4. 





V| 


VreF 

(5 V) 


Figure 3. 5-V Reference Regulator 





01234567 40 


V|-INPUT VOLTAGE~V 

Figure 4. Reference Voltage vs Input Voltage 

Oscillator 

A schematic of the TL494 internal oscillator is presented in Figure 5. The oscillator 
provides a positive sawtooth waveform to the dead-time and PWM comparators for 
comparison to the various control signals. 



Figure 5. Internal Oscillator Schematic 
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Operation Frequency 

The frequency of the oscillator is programmed by selection of the timing components 
Rx and Cj. The oscillator charges the external timing capacitor, Cj, with a constant current 
— the value of which is determined by the external timing resistor, Rj. This produces 
a linear-ramp voltage waveform. When the voltage across Cj reaches 3 V, it is discharged 
by the oscillator circuit and the charging cycle is reinitiated. The charging current is 
determined by the formula: 

3 V 

ICHARGE =- 

RT 


The period of the sawtooth is: 

t = 3 V»Ct 
ICHARGE 


t = Rt*Ct 


The frequency of the oscillator then becomes: 


fiosc =- 

RT-Ct 


The oscillator frequency, however, is only equal to the output frequency for single-ended 
applications; for push-pull applications, the output frequency is one-half the oscillator 
frequency: 

Single-ended applications: f —-1- 

Rx*Ct 

Push-pull applications: f =-i- 

2Rt*Cx 

The oscillator is programmable over a range from 1 kHz to 300 kHz. Practical values 
for Rx and Cx range from 1 kfi to 500 kO and 470 pF to 10 respectively. A plot 
of the oscillator frequency versus Rx and Cj is shown in Figure 6. The stability of the 
oscillator, for free-air temperature variations from 0®C to 70 for various ranges of Rx 
and Cj, is also indicated in Figure 6. 

Operation Above 150 kHz 

At an operation frequency of 150 kHz, the period of the oscillator is 6.67 jits. The 
dead time established by the internal offset of the dead-time comparator («3% period) 
yields a blanking pulse of200 ns. This is the minimum blanking pulse acceptable to assure 
proper toggling of the pulse-steering flip-flop. For frequencies above 150 kHz, additional 




f~FREQUENCY~Hz 

NOTE: The percent of oscillator frequency variation over the 0®C to 
70°C free-air temperature range Is represented by dashed lines. 

Figure 6* Oscillator Frequency vs Rj/Cx 

dead time (above 3%) is provided internally to assure proper triggering and blanking of. 
the internal pulse-steering flip-flop. Figure 7 shows the relationship of internal dead time 
(expressed in percent) provided for various values of Rj and Cj. 



10 100 Ik 10 k 100 k 1 M 

f-FREQUElMCY-Hz 

Figure 7. Variation of Dead Time vs Rj/Cj; 
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Dead-Time-Control/PWM Comparator 

The functions of the dead-time-control comparator and the PWM comparator are 
incorporated in a single comparator circuit, as shown in Figure 8. Since the two functions 
are totally independent, each function is discussed separately. 

Comparator 

The comparator is biased from the 5-V reference regulator. This provides isolation 
from the input supply for improved stability. The input of the comparator does not exhibit 
any hysteresis, so caution should be observed to protect against false triggering near the 
threshold. The comparator exhibits a response time of 400 ns from either of the control 
signal inputs to the output transistors, with only 100-mV overdrive. This assures positive 
control of the output, within a half cycle, for operation within the recommended 300-kHz 
range. 


Vt 





Dead-Time Control 


The dead-time-control input provides control of the minimum dead time (off time). 
The output of the comparator inhibits switching transistors Q1 and Q2 whenever the voltage 
at its input is greater than the ramp voltage of the oscillator (see Figure 28). An internal 
offset of 110 mV assures a minimum dead time of »3% with the dead-time-control input 
grounded. Additional dead time can be imposed by applying a voltage to the dead-time- 
control input. This provides a linear control of the dead time from its minimum of 3% 
to 100% as the input voltage is varied from 0 V to 3.3 V, respectively. With full range 
control, it allows control of the output from external sources without disrupting the error 
amplifiers. The dead-time-control input is a relatively high-impedance input 
(Ij — < 10 fiA) and should be used where additional control of the output duty cycle is 
required. The input, however, must be terminated for proper control. An open circuit 
is an undefined condition. 

Pulse-Width Modulation 

The comparator also provides modulation control of the output pulse width. For 
this, the ramp voltage across timing capacitor Cx is compared to the control signal present 
at the output of the error amplifiers. The timing capacitor input incorporates a series diode 
which is omitted from the control signal input. This requires^ the control signal (error 
amplifier output) to be «0.7 V greater than the voltage across Cx to inhibit the output 
logic, and assures maximum duty cycle operation without requiring the control voltage 
to sink to a true ground potential. The output pulse width varies from 97% of the period 
to 0 as the voltage present at the error amplifier output varies from 0.5 V to 3.5 V, 
respectively. 

Error Amplifiers 

A schematic of the error amplifier circuit is shown in Figure 9. Both high-gain error 
amplifiers receive their bias from the Vj supply rail. This permits a common-mode input 
voltage range from —0.3 V to 2 V less than Vj. Both amplifiers behave characteristically 
of a single-ended single-supply amplifier in that each output is active high only. This allows 
each amplifier to pull up independently for a decreasing output pulse-width demand. With 
both outputs ORed together at the inverting input node of the PWM comparator, the 
amplifier demanding the minimum pulse out dominates. The amplifier outputs are biased 
low by a current sink to provide maximum pulse width out when both amplifiers are biased 
off. 


9-14 




Figure 9. Error Amplifiers 


Figure 10 shows the output structure of the amplifiers operating into the 300-fiA 
current sink. Attention must be given to this node for biasing considerations in gain control 
and external control interface circuits. Since the amplifier output is biased low only through 
a current sink (IsiNK ” ^-3 mA), bias current required by external circuitry into the 
feedback terminal must not exceed the capability of the current sink, otherwise, the 
maximum output pulse width will be limited. Figure 11 illustrates the proper biasing 
techniques for feedback gain control. 


V| 



Figure 10. Multiplex Structure of Amplifiers 
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POSITIVE OUTPUT NEGATIVE OUTPUT 

Figure 11, Error Amplifier Bias Configurations for Controlled Gain Applications 

A plot of amplifier transfer characteristics is shown in Figure 12. This illustrates 
the linear gain characteristics of the amplifiers over the active input range of the PWM 
comparator (0.5 V to 3.5 V). This is important for overall circuit stability. The open-loop 
gain of the amplifiers, for output voltages from 0.5 V to 3.5 V, is 60 dB. A Bode plot 
of the amplifiers’ gain characteristics is shown in Figure 13. Both amplifiers exhibit a 
response time of approximately 400 ns from their inputs to their outputs. Precautions should 
be taken to minimize capacitive loading of the amplifiers’ outputs. Since they employ active 
pull-up only, the amplifiers’ ability to respond to an increasing load demand can be severely 
degraded by capacitive loads. 



V|-INPUT VOLTAGE-mV 

Figure 12, Amplifier Transfer Characteristics 
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Output-Control Logic 

The output-control logic is structured to provide added versatility through external 
control. Designed for either push-pull or single-ended applications, circuit performance 
can be optimized by selection of the proper conditions applied to the various control inputs. 

Output-Control Input 

The output-control input determines whether the output transistors operate in parallel 
or push-pull fashion. This input is the supply source for the pulse-steering flip-flop, as 
shown in Figure 14. The output-control input is asynchronous and has direct control over 
the output, independent of the oscillator or pulse-steering flip-flop. The input condition 
is intended to be a fixed condition that is defined by the application. For parallel operation, 
the output-control input must be grounded. This disables the pulse-steering flip-flop and 
inhibits its outputs. In this mode, the pulses seen at the output of the dead-time-control/PWM 
comparator are transmitted by both output transistors in parallel. For push-pull operation, 
the output-control input must be connected to the internal 5-V reference regulator. Under 
this condition, each of the output transistors is enabled, alternately, by the pulse-steering 
flip-flop. 
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Figure 14* Output-Steering Architecture 


Puke-Steering Flip-Flop 

The pulse-steering flip-flop is a positive-edge-triggered D-type flip-flop that changes 
state synchronously with the rising edge of the comparator output (see Figure 14). The 
dead time provides blanking during this period to ensure against the possibility of having 
both outputs on, simultaneously, during the transition of the pulse-steering flip-flop outputs. 
A schematic of the pulse-steering flip-flop is shown in Figure 15. Since the flip-flop receives 
its trigger from the output of the comparator, not the oscillator, the output always operates 
in a push-pull manner. The flip-flop will not change state unless an output pulse occurred 
in the previous period of the oscillator. This architecture prevents either output from double 
pulsing, but restricts the application of the control signal sources to dc feedback signals 
(for additional detail read 'Pulse-Current Limiting’ in this application report). 






Figure 15. Pulse-Steering Flip-Flop 


Output Transistors 

There are two output transistors available on the TL494, The output structure is 
illustrated in Figure 16. Both transistors are configured open collector/open emitter and 
each is capable of sinking or sourcing up to 200 mA of current. The transistors exhibit 
a saturation voltage of less than 1.3 V in the common-emitter configuration and less than 
2.5 V in the emitter-follower configuration. The outputs are protected against excessive 
power dissipation to prevent damage but do not employ sufficient current limiting to allow 
them to be operated as current-source outputs. 


V| 
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Applications 


Reference Regulator 

The internal 5-V reference regulator is designed primarily to provide the internal 
circuitry with a stable supply rail for varying input voltages. The regulator provides 
sufficient drive to sustain up to 10 mA of supply current to additional load circuitry. 
Excessive loading, however, may degrade the performance of the TL494 since the 5-V 
reference regulator establishes the supply voltage of much of the internal control circuitry. 

Current Boosting the 5-V Regulator 

Conventional bootstrap techniques for three-terminal regulators, such as the one 
shown in Figure 17, are not recommended for use on the TL494. Referring to Figure 17: 
Normally, the bootstrap is programmed by resistor Rb so that transistor Q1 turns on as 
the load current approaches the capability of the regulator. This works quite well where 
the current in the input (through Rb) is determined by the load current. This is not 
necessarily the case with the TL494. The input current not only reflects the load current 
but includes the current drawn by the internal control circuit, which is biased from the 
reference regulator as well as the input rail itself. As a result, the bias of shunt transistor 
Q1 is not controlled by the load current drawn by the reference regulator. 
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Figure 17. Conventional 3-Terniinal Regulator Current-Boost Technique 


Figure 18 shows the bootstrapping technique that is preferred for the TL494. This 
technique provides isolation between any bias-circuit load and the reference regulator output 
and provides a sufficient amount of supply current without affecting the stability of the 
internal reference regulator. This technique should be applied for bias circuit drive only 
since the regulation of the high-current output is solely dependent on the load. 
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Figure 18* TL494 Reference Regulator Current-Boost Technique 


Applications of the Oscillator 

The design of the internal oscillator allows a great deal of flexibility in the operation 
of the TL494 control circuit. 

Synchronizing 

Synchronizing two or more oscillators in a common system is easily accomplished 
with the architecture of the TL494 control circuits. Since the internal oscillator is used 
for no other purpose than creation of the sawtooth waveform on the timing capacitor, the 
oscillator can be inhibited as long as a compatible sawtooth is provided externally to the 
timing capacitor terminal. The internal oscillator can be inhibited by terminating the Rx 
terminal to the reference supply output. 

Master/Slave Synchronization 

For synchronizing two or more TL494s, establish one device as the master and 
program its oscillator normally. Disable the oscillators of each slave circuit as explained 
above and use the sawtooth created by the master for each of the slave circuits, tying all 
Cx pins together as shown in Figure 19. 


MASTER SLAVE 



TO ADDTX 
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Figure 19. Master/Slave Synchronization 
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Master Clock Operation 

To synchronize the TL494 to an external clock, the internal oscillator can be used 
as a sawtooth-pulse generator. Program the internal oscillator for a period that is 85% 
to 95 % of the master clock and strobe the internal oscillator through the timing resistor, 
as shown in Figure 20. Q1 is turned on by a positive pulse applied to its base. This initiates 
the internal oscillator by grounding Rj and pulls the base of Q2 low. Q1 is latched on 
through the collector of Q2 and, as a result, the internal oscillator is locked on. As Ct 
charges, a positive voltage is developed across Cl. Q1 forms a clamp on the trigger side 
of Cl. At die completion of the period of the internal oscillator, the timing capacitor is 
discharged to ground and Cl drives the base of Q1 negative, causing Q1 and Q2 to turn 
off in turn. With the latch of Q1/Q2 turned off, Rj is open circuited and the internal 
oscillator is disabled until another trigger pulse is experienced. 



Figure 20, External Clock Synchronization 

A common problem when synchronizing the power supply to a system clock occurs 
during start up. Normally, an additional start-up oscillator is required. Here again, the 
internal oscillator can be used by modifying the previous circuit slightly, as shown in 
Figure 21. During power up, when the output voltage is low, Q3 is biased on causing 
Q1 to stay on and the internal oscillator to behave normally. Once the output voltage has 
increased sufficiently (Vq > VreF foi* Figure 21), Q3 is no longer biased on and the 
Q1/Q2 latch becomes dependent of the trigger signal, as previously discussed. 
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Figure 21. Oscillator Start-Up Circuit 

Fail-Safe Operation 

With the modulation scheme employed by the TL494 and the structure of the 
oscillator, the TL494 will inherently turn off if either timing component fails. If timing 
resistor Rj opens, no current is provided by the oscillator to charge Cj. The addition 
of a bleeder resistor, as shown in Figure 22, assures the discharge of Cj. With the Cx 
input at ground, or if Cx short circuits, both outputs are inhibited. 

Rj 
Ct 


Figure 22. Fail-Safe Protection 

Error-Amplifier-Bias Configuraton 

The design of the TL494 is aligned to employ both amplifiers in a noninverting 
configuration. Figure 23 illustrates the proper bias circuits for negative and positive output 
voltages. The gain control circuits, shown previously in Figure 11, can be integrated into 
the bias circuits. 
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POSITIVE OUTPUT CONFIGURATION NEGATIVE OUTPUT CONFIGURATION 
Figure 23. Error Amplifier Bias Configurations 

Current Limiting 

Either amplifier provided on the TL494 can be used for current limiting. Application 
of either amplifier is limited primarily to load current control. The architecture of the 
TL494 defines that these amplifiers be used for dc control applications. Both amplifiers 
have a broad common-mode voltage range which allows direct current sensing at the output 
voltage rails. Several techniques can be employed for current limiting, 

Fold-Back Current Limiting 

Figure 24 illustrates the proper bias technique for fold-back current limiting. Initial 
current limiting occurs when sufficient voltage is developed across RcL lo compensate 
for the base-emitter voltage of Q1 plus the voltage across R1. When current limiting occurs, 
the output voltage will drop. As the output decays, the voltage across R1 decreases 
proportionally. This results in less voltage required across RcL ^ maintain current limiting. 
The resulting output characteristics are illustrated in Figure 25. 
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Figure 24. Fold-Back Current Limiting 
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Figure 25, Fold-Back Current Characteristics 
Pulse-Current Limiting 

The internal architecture of the TL494 is not aligned to accommodate direct pulse- 
current limiting. The problem arises from two factors: 1. The internal amplifiers do not 
function as a latch, they are intended for analog applications. 2. The pulse-steering flip- 
flop sees any positive transition of the PWM comparator as a trigger and toggles its outputs 
prematurely, i.e., prior to the completion of the oscillator period. As a result, a pulsed 
control voltage occurring during a normal on time not only causes the output transistors 
to turn off but also toggles the pulse-steering flip-flop. With the outputs off, the excessive 
current condition decays and the control voltage returns to the quiescent-error-signal level. 
When the pulse ends, the outputs are again enabled and the residual on-time pulse appears 
on the opposite output. The resulting waveforms are shown in Figure 26. The major problem 
here is the lack of dead-time control. A sufficiently narrow pulse may result in both outputs 
being on concurrently, depending on the delays of the external circuitry, A condition where 
insufficient dead time exists is a destructive condition. Pulse-current limiting, therefore, 
is best implemented externally, as shown Figure 27. 

The current in the switching transistors is sensed by RcL- When sufficient current 
is experienced, the sensing transistor Q1 is forward biased, the base of Q2 is pulled low 
through Ql, and the dead-time control input is pulled to the 5-V reference. Drive for the 
base of Q3 is provided through the collector of Q2. Q3 acts as a latch to maintain Q2 
in a saturated state when Ql turns off, as the current decays through RcL* ^he latch will 
remain in this state, inhibiting the output transistors, until the oscillator completes its period 
and discharges Cj to 0 V. When this occurs, the Schottky diode, Dl, will forward bias 
and turn off Q3 and Q2, allowing the dead-time control to return to its programmed voltage. 
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Figure 26* Error Signal Considerations 



Figure 27* Peak-Current Protection 






Applications of the Dead-Time Control 

The primary function of the dead-time control is to control the minimum off-time 
exhibited by the output of the TL494. The dead-time-control input provides control from 
5% to 100% dead time, as illustrated in Figure 28. 
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Figure 28. Dead-Time Control Characteristics 


The TL494 can therefore be tailored to the specific power transistor switches that 
are used to assure that the output transistors never experience a common on-time. The 
bias circuit for the basic function is shown in Figure 29. The dead-time control can be 
used for many additional control signals. 






I - — Vref 


R1 < 

Tp - Rt Ct (0.05 + 0.35 R2» 

£ D.T.C. 

R2inkO 

T IN 

Rl + R2 - 5 kO 

R2^ 


Figure 29. Tailored Dead 

Time 


Soft Start 

With the availability of the dead-time control, input implementation of a soft-start 
circuit is relatively simple; Figure 30 shows one example. Initially, capacitor Cs forces 
the dead-time-control input to follow the 5-V reference regulator which disables both 
outputs, i.e,, 100% dead time. As the capacitor charges through Rs, the output pulse slowly 
increases until the control loop takes command. If additional control is to be introduced 
at this input, a blocking diode should be used to isolate the soft-start circuit. If soft start 
is desired in conjunction with a tailored dead time, the circuit in Figure 29 can be used 
with the addition of capacitor Ct across resistor Rl. 

The use of soft-start protection is recommended. Not only does such circuitry prevent 
large current surges during power-up, it also protects against any false signals which might 
be created by the control circuit as power is applied. 



Vref 


DEAD-TIME 

CONTROL 


Figure 30, Soft-Start Circuit 


Overvoltage Protection 

The dead-time control also provides a convenient input for overvoltage protection 
which may be sensed as an output voltage condition or input protection. Figure 31 employs 
a TL430 as the sensing element. When the supply rail being monitored increases to the 
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point that IJ V is developed at the driver node of R1 and R2, the TL430 goes into 
conduction. This forward biases Q1, causing the dead-time control to be pulled up to the 
reference voltage, disabling the output transistors. 


VreF 


DEADTIME 

CONTROL 


Figure 31, Overvoltage Protection Circuit 
Modulation of Tum-Off Transition 

Modulation of the output pulse by the TL494 is accomplished by modulating the 
turn-on transition of the output transistors. The turn-off transition is always concurrent 
with the falling edge of the oscillator waveform. Figure 32 shows the oscillator output 
as it is compared to a varying control signal and the resulting output waveforms. If 
modulation of the turn-off transition is desired, an external negative slope sawtooth, as 
shown in Figure 33, can be used without degrading the overall performance of the TL494. 
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Figure 32. Turn-On Transition 
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Figure 33. Turn-Off Transition 
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Designing Switching Voltage Regulators 

with TL497A 


John Spencer 

Linear IC Applications Engineer 
LINEAR PRODUCTS DEPARTMENT 

INTRODUCTION 

TheTL497 represents a revolution in the implementation of 
a monolithic, highly efficient switching regulator. 

Conventional series regulators employ an active 
element, usually a transistor operating in a linear mode, 
which functions as a variable resistor. The product of this 
resistance and the load current create a changing differen¬ 
tial voltage required to step down from an unregulated 
input voltage to a fixed output voltage. In this type of 
circuit, current requirements defined by the load, must be 
experienced by the pass element. As the input to output 
voltage differential or load current requirement increases 
the power dissipated in the pass element increases propor¬ 
tionally. This power represents a loss to the system and 
limits the efficiency of series regulators. 

The switching regulator, on the other hand, does not 
operate in the linear mode and is capable of achieving high 
efficiency power conversion even at large input/output 
voltage differentials. In the past the complexity of the 
circuitry required to construct a switching regulator 
negated the advantage of efficiency gained over series pass 
regulators. Use of the TL497A, however, eliminates the 
complex circuit designs previously required and offers 
marked performance improvements in efficiency over 
systems using series pass regulators. 

PRINCIPLE OF OPERATION 

The principle of operation and the method by which 
voltage conversion at high efficiencies can be achieved using 
switching regulators can best be demonstrated by analyzing 
the basic. configuration of a step-down switching voltage 
regulator (Figure 1). 

Q1 is the switch transistor which is turned on and off 
by the regulator’s control circuitry at a frequency and duty 
cycle required to maintain the desired output. Because this 
transistor is always in the saturated state when it is 
conducting, or otherwise completely nonconducting, the 
power dissipated in the switch is much lower than that 
dissipated in a series regulator whose pass transistor is 
continuously operated in the linear region. This is the 
primary contributor to the increased efficiency experienced 
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FIGURE 1. Step-Down Switching Voltage Regulator 

with a switching voltage regulator. The transfer of energy 
from the input to the output is achieved through the 
inductor L. During the time Q1 is on (ton) the input 
voltage is applied to the LC filter and the current in the 
inductor increases. When Q1 is turned off the energy 
developed in the inductor during the previous half cycle, 
maintains the current flow to the load through the catch 
diode D1 and delivers that energy to the load. 

The output voltage is determined by the input 
voltage (Vin) and the duty cycle of the switch Q1, 

VoUT = ViN ^ 
where T = tQN + tOFF 

Therefore, by controlling the duty cycle (ton/T), changes in 
the input voltage can be compensated for. If ViN increases, 
the control circuit will cause a corresponding reduction in 
the duty cycle and thereby maintain a constant VoUT> 
without increasing the amount of power dissipated 
internally in the regulator. 


THE TL497A 

General 

The TL497A incorporates on a single monolithic chip 
all the active functions required in the construction of a 
Switching Voltage Regulator; a precision 1.22-volt refer¬ 
ence, a pulse generator, a high-gain comparator, current 
limit sense and shut-down circuitry, a catch diode, and 
a series pass transistor. The TL497A was designed to 
offer versatility and to optimize the ease of its use in the 
various step-up, step-down, and voltage inversion applica¬ 
tions requiring high efficiency. 
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FIGURE 2. TL497A Block Diagram 


Programming 

A block diagram of the TL497A is shown in Figure 2. 
The internal 1.22-volt precision band-gap reference is 
internally connected between the substrate terminal and 
the inverting input of the high-gain comparator. The output 
of the circuit is sensed through a resistor ladder network 
(R1-R2) by the noninverting input of the comparator and is 
programmed by the resistors R1 and R2 such that the 
feedback voltage equals the 1.22 volt reference. Thus; 

R2 

1.22 volts 

To keep it simple the voltage across R2 is 1.22 volts. For 
1mA programming current R2 becomes 1.22 KS2. There¬ 
fore: 

SET R2=1.22K^2 

AND CALCULATE R1 = (VqUT “ 1-22) m 
Oscillator 

The oscillator is composed of a current pulse genera¬ 
tor which charges and discharges the external timing 
capacitor (Ct) at fixed current rates whenever the feedback 
voltage is less than 1.22 v. The charging rate is 1/6 
that of the discharge rate which results in the voltage 
waveform shown in Figure 3. The total period of the 
charge/discharge cycle is determined by the external timing 
capacitor (Ct) and is constant for all input voltages within 
the TL497A recommended operating ranges. 

The charge/discharge period (T) varies with Ct as 
shown in Table I. 



FIGURES. Ct Voltage Waveform 


The dotted line of Figure 3 shows the timing 
capacitor waveform under continuous operation conditions. 
Only under these conditions does T determine the oscilla¬ 
tors frequency (Fjxiax ~ 1 /T). These conditions exist during 
initial power-up of the system or whenever the comparator 
indicates the output voltage is less than the desired 
voltage-out. After the timing capacitor is discharged, the 
oscillator control circuit will sample the output of the 
comparator to determine if the output voltage is at a 
satisfactory level. If the comparator indicates the output is 
deficient, the current generator will retrigger and the 
oscillator will go through another Ct charge/discharge cycle; 
after which it will sample the comparator again and so 
forth. If on the other hand, the comparator indicates the 
output voltage is satisfactory, the current generator will be 
on standby until it is triggered by the comparator as 
illustrated in Figure 4. The pass transistor is turned “ON” 
during the charging portion (Xq) and turned “OFF” during 
the discharge portion (to) and any subsequent standby 


Table I. Charge/Discharge Period Vs. Ct 


Ct (pF) 

200 

250 

350 

400 

500 

750 

1000 

1500 

2000 

T(ms) 

23 

27 

32 

39 

50 

70 

95 

140 

230 
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FIGURE 4. Typical Q Voltage Waveform During Start-Up and Quiescent Operation 


Table il. On-Time Vs. 


Ct (pF) 

200 

250 

350 

400 

tc (ms) 

19 

22 

26 

32 


period after the charge/discharge cycle of Ct. Under these 
conditions the operating frequency becomes dependent 
on the load requirement and Cj only determines the ON 
time (tON) which remains constant. Thus the duty cycle 
is modulated by the changing frequency. The on-time of 
the switching transistor coincides with Iq as shown in 
Table II. 

Current Limiting 

Current limiting is accomplished with the current- 
limit control provided. The voltage developed across the 
user selected series current limit resistor (Rcl) is sensed. 
When this voltage becomes greater than one Vbe drop 
(0.5 V typically) the current limit circuitry provides an 
additional current path to charge the timing capacitor. This, 
in effect, shortens the on-time of the switching transistor 
and reduces the amount of energy developed in the 
inductor. This can be observed as an increase in the slope of 
the charging portion of the charge/discharge cycle of the 
timing capacitor (Figure 5). With current limiting, satura¬ 
tion of the power inductor may be prevented and soft 
start-up achieved. If not used, the current limit sense 
should be tied to VcC + (pli^-14). 

Pass Transistor 

The switching transistor provided in the TL497A is a 
high-gain device designed to switch up to 500 mA peak 
using the base drive circuitry provided by the TL497A. 
Access to the internal base current limiting resistor is made 
available, however, it is not recommended the base drive 
circuitry be tampered with. The emitter and collector are 
brought out also, for user versatility. 


500 

750 

1000 

1500 

2000 

44 

56 

80 

120 

180 



Catch Diode 

An uncommitted catch diode capable of operating 
at peak currents to 500 mA is available for commutation 
and blocking purposes, however, an external diode may 
be desired for optimum circuit performance. 

Enable Circuitry 

Shutdown circuitry is provided for external control 
which allows the user to enable and disable the TL497A by 
an external TTL logic command. A logic high disables the 
TL497A and turns off the switching transistor. A logic low 
enables the TL497A and allows it to operate according to 
the previous discussion. 
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DESIGN AND OPERATION 
of a 

STEP-DOWN SWITCHING VOLTAGE REGULATOR 


The circuit in Figure 6 shows the, basic configuration 
for a step-down switching voltage regulator. A thorough 
understanding of this circuit is necessary to optimize the 
design of a step-down switching voltage regulator using the 
TL497A. 
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FIGURE 6. Basic Step-Down Regulator 

First, define the initial conditions (prior to the 
closing of SI). 

Initial Conditions (t * 0-): 


For a constant ViN» VoUT> aiid L, I varies linearly with t. 
The current increases while SI is closed according to 
the waveform shown in Figure 7. The peak current in the 
inductor, therefore, is dependent on the period of time SI 
is closed, which is the on-time of the switch (tQN)- 





Vc = VOUT 


FIGURE 7. Inductor Current Waveform 


fL = 0 

When the switch SI is closed, the current in the 
inductor and the voltage across the filter capacitor (C) 
cannot change instantaneously. 

at SI closed (t = 0+): 

Vc = VoUT 

IL = 1*1=0 


When SI opens (t = tc-i-), the current through the 
inductor is Ipk since the current cannot change instanta¬ 
neously, the voltage across the inductor inverts, and the 
blocking diode (Dl) is forward biased to provide a current 
path for the discharge of the inductor into the load and 
filter capacitor. The inductor current then discharges 
linearly as illustrated in Figure 7. 

Prior to SI open (t = Tc-) 

jL = Ipk 


Writing a loop equation around the circuit 


dll 

Vin = Rsil + L ^ +Vc 


Substituting q = 0 and Vq = Vout at t = 0+ 
dll 

Vin = L-~+Vout 


Therefore 


dq _ Vin-Vout 

dt ^ L 


The current through the inductor (iL) at any given time (t) 
is 

Vin-Vout 

1 - t 


Vc = Vout 

At SI open (t = Tc-h) 

^’L = Ipk 

Vc = Vout 

Writing a loop equation for q 
dq 

Vf+L ^ +Vc = 0 

Substituting the conditions at t = Tc+ and assuming Vf of 
DlisOV: 

dq 

L'^=-VoUT 
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the current through the inductor for t > Tc 


IpK - I LOAD 


*L = Ipk- 


VQUT 

L 


(t-Tc) 


The discharge time of the inductor then is that time 
required for il = 0. Therefore 



FIGURE 9. Capacitor Current Waveform 


tD=^L 

VoUT 


Analyzing for a moment the currents at the inductor/ 
capacitor/output node. 

«L = 'C + rioad 
if/load is considered constant. 

A/c = AiL = Ipk 

when ^L = /load;«C =0 



FIGURE 10. Capacitor Current Waveform (Mf,-} 


^ Ipk “ Iload 

” “ T 

Ipk 


(Tc + to) 


i. (Ipl^ ~ Iload)^ 
2 Ipk 


(Tc + tD) 


when IL = 0; ic = -/load 

Thus the inductor and capacitor current waveforms 
relate to each other as shown in Figure 8. 



AQ— = pioad ti] 


Ipk - Iload 


(Tc + tD) 


Ipk 


(Tc + tD) 


Iload 


Setting AQ+ equal to AQ— and solving for t\ 

1 . ~ (Ipk — 2Iload) (Tc tp) 

^ 2Iioad 



FIGURE 8. Inductor Current and 
Capacitor Current Waveforms 


To determine the frequency of oscillation, total the 
durations of the previous portions of the regulator’s cycle, 
T-Tc+tD + ti 


••.T = (Tc + tD)| 


Ipk 

Iload 


Knowing the period 


For the output voltage to remain constant, the net 
charge delivered to the filter capacitor must be zero. This 
means that the charge delivered to the capacitor from the 
inductor must be dissipated in the load. Since the charge 
developed in the inductor is fixed (constant on time), the 
time required for the load to dissipate that charge will vary 
with the load requirements. The actual operating frequency 
is therefore dependent on the load requirements. The actual 
frequency can be determined by studying the current 
waveform of the filter capacitor. The charge delivered to 
the capacitor and the charge dissipated by the load are 
equal to the areas under the capacitor current waveform 
above and below iQ = 0 respectively, as shown in Figures 9 
and 10. 


frequency = ^ 

The AQ calculations also yield the voltage change experi¬ 
enced by the output capacitor C. 

Vc = f/'idtor^ 

A Vn - — (Ipk ~ Iload)^ Tc VlN 
^ 2C Ipk VoUT 

Note this accounts for the ripple voltage contributed by the 
ripple current present in the switching regulator seen by 
an ideal capacitor. Realistically the capacitor will have an 
equivalent series resistance (ESR) which establishes the 
minimum ripple voltage achievable. 
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Cripple (min) " Hk (^sr) 

When the filter capacitor size has been increased such 
that AVc — Vrippl£ (MIN) additional increases in C 
will net insignificant reduction in Vripple* It is impor¬ 
tant therefore to employ a filter capacitor with minimal 
ESR. Note, however, due to its architecture some ripple 
voltage is required for proper operation of the regulation 
circuit. 


Where Ix is the load current at which the inductor current 
is continuous and the regulator enters the continuous 
mode. 



SUMMARY 

The previous derivations have assumed that the 
regulator is operating in the discontinuous mode. This 
means the inductor current is discontinuous (II = 0). When 
the load is continually increased, the idle time (t/ in 
Figure 10) decreases to the point where the regulator 
initiates a charge cycle at or before the complete discharge 
of the inductor. This condition is called the continuous 
mode of operation (II never equals 0, t/ = 0). In this mode 
a dc idle current is passed through the inductor. The 
TL497A is not designed to operate in this mode without 
special considerations given to the circuit design. To 
determine the load current where the circuit transforms 
from the discontinuous mode to the continuous mode of 
operation, refer to Figure 8. The point of transition occurs, 
when the inductor starts charging as soon as it completes 
the previous discharge cycle (ti - 0). Under these con¬ 
ditions the capacitor current waveform is as shown in 
Figure 11. Setting ti == 0 and solving for iQUTi 


IOUT= ^ 

Hence Ix= 

^ 2 


FIGURE 11. Capacitor Current Waveform 
(Continuous Mode) 


Summarizing: 

for the step-down switching regulator 

Ipk > 2 Iload discontinuous operation) 


where: 


fo 


tD = 


Ipk 

: 2 Iload VQUT 
Ipk Ton vin 

JeL-l 

VOUT 


f rr [Ipk ~ 2 Iload! . Ton Vin 
^ 2 Iload Vqut 


^ , (Ipk - iioad)^ . Ton Vin 
VripplE 2 Ipk VOUT 
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A STEP-DOWN SWITCHING REGULATOR To program TL497A for 5 VOUT • 

DESIGN EXERCISE 

with R2==1.2kI2 (fixed) 

TL497A 

A schematic of the basic step-down regulator is R1 == (5 - 1.2) kO = 3.8 kO 

shown in Figure 12. 




» TU97A 





To set current limiting: 

RCL ~ 0-5/Ilimit 


Rcl = 


0.5 

500 X 10-3 




For the on-time chosen above, can be approximated; 


FIGURE 12, Basic Step-Down Regulator 


Ct (pf) - 12 toN (ms) 
Ct^240 pf 


Conditions; 

Vin=15V 
VoUT = 5 V 
lOUT “ 200 mA 
Vripple'^ 1-0% 


or it can be selected from Table II, page 5. 

To determine CfiHer desired ripple voltage: 

(;- (Ipk-Iload)^ , Ton ViN 
VRippLE2Ipk' VoUT 

for constant C, VpipPi F. increases as Iioad descreases. 
C = 45 mF (for 200 mA/1% ripple) 


Calculations: 

Ipk ^ 2 Iioad ~ 400 mA 

This is the limit condition for discontinuous operation. For 
design margin, Ipk will be designed for 500 mA which is 
also the limit of the internal pass transistor and catch diode. 


Ipk 500 mA 


ViN - VQUT 
Ipk 


tON 


The maximum operating frequency is encountered under 
maximum load conditions. 


^ 2 Iioad (max) VpUT 
Ipk Ton vin 


The minimum operating frequency occurs under minimum 
load conditions. 

fmin ~ fmax 


Iioad (min) 
Iioad (max) 


lOV 

500X10-3 


tON 


Recommended on-time is; 19 jUs < toN 150 Ms, thus the 
range of acceptable inductance is, 380 pH to 3 mH. 


tON = 


choosing L = 390 pH 

390 X 10-6 X 500 X 10-3 
10 


= 19.5 X 10-6 sec. 


Figure 13 illustrates the regulator with the above 
values applied to it. 

Waveforms at Ct for indication of proper circuit 
performance are shown in Figure 14. 

For peak currents greater than 500 mA, it is 
necessary to use an external transistor and diode. Several 
techniques are shown in Figure 15. 

Figure 16 shows the TL497A in high-voltage—high- 
current applications. 
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390 mH 


o 



NOTE: 13 A<s ON-TIME RESUUTS IN Ipi, = 433 mA. RECALCULATING AND fo WILL CONCUR 

WITH ACTUAL TIMES OBSERVED. 


FIGURE 13. 15 Volt to 5 Volt Switching Regulator for Output Currents to 200 mA 




COMPARATOR INPUT (PIN 1) IS 
SEEING NOISE SPIKES. 

READ SECTIONS ON VOLTAGE 
COMPARATOR AND DESIGN 
VARIATIONS FOR IMPROVED 
PERFORMANCE. 


(b) INCORRRECT Ct WAVEFORM 



(c) CONTINUOUS MODE OPERATION IpEAK 
WILL INCREASE. 



THE RESULT WILL BE A SHORTENED 
ON-TIME WHICH MAY RESULT IN 
CONTINUOUS MODE OPERATION, ALSO 

• DECREASE Rcl 
INCREASE L 
DECREASE Ct 


(d) CIRCUIT IS CURRENT LIMITING. 


FIGURE 14. Circuit Performance Waveforms 



V|nO- 


TL497 WITH EXTERNAL 
PNP PASS TRANSISTOR. 
LIMITED TO V,N < 16 V; 


Rcl 


' R2' ' 

2 - 

"n 

TU97A 

f] 


(b) 


$ 


Vino- 


— 

“1 

f W 



TL497 WITH EXTERNAL . 
PNP PASS TRANSISTOR 
AND 15 V REGULATOR 
FOR APPLICATIONS | 

16 V 
REG 

>- 

! 

1 



1 ^ 

I T 

V||^> 15 V: 




— 1 





▼ 


ITL497A 


ir - 

r 


FICURE 15. Techniques for Ob taining Peak 
Currents Greater Than 500 mA 
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30 VOLTS TO 5 V 
•load = 2.5 A 


0.1 a 100 mH 



® THE USE OF THE INTERNAL DIODE {PIHS 6 AND 7) TO CLAMP THE FEEDBACK 
^ AND PROTECT AGAINST NOISE IS DISCUSSED IN A LATER CHAPTER {DESIGN 
VARIATIONS FOR IMPROVED PERFORMANCE]. 

FIGURE 16. TL497A in High- Voltage-High-Current Applications 
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The advent of logic or gate array devices brings 
about the need of a good regulated low voltage power 
supply. These arrays may have up to 800 inverters or 
gates per array. Normally the power requirements are 20 
volts at about 200 mA, per array. The input requirement 
is usually 5.0 volts. This circuits meets the above require¬ 
ments at an overall efficiency of 72%. 


Figure 18 is another step-down regulator. With an 
input of from 7V to 12V it has an output of 5 volts at 2.0 
amps. The TIP34 is a plastic TO-220 PNP transistor of 10 
amp capacity. The IN5187D is a 3.0 amp fast recovery 
diode. 



NOTE - ADD IMf CAPACITOR AT THE INPUT AND 
OUTPUT FOR IMPROVED TRANSIENT 
RESPONSE AND BETTER RIPPLE REJECTION. 

FIGURE 1 7. TL497A Logic Array Power Supply, Step-Down Circuit 


V|N 


VOUT 



FIGURE 18. Step-Down Regulator 
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DESIGN AND OPERATION 
of a 

STEP-UP SWITCHING VOLTAGE REGULATOR 


In the step-up regulator, the formulaes change 
slightly. Note the basic circuit configuration in Figure 19. 



FIGURE19. Basic Step-UP Regulator Circuit 
During the charging cycle (SI closed) the inductor 
(L) is charged directly by the input potential. 

ViN 
L 


^L = 


tc 


thus 


Ipk = — tON 


Studying the current waveforms (II and Ic) and 
recalling AQ+ must equal AQ— for the potential across the 
load capacitor to remain constant, the relation of peak 
current to load current can be determined. Approaching it 
as AQ is the area under the respective curves, maximum 
load current for discontinuous operation (tj = 0) relates to 
the peak current as: 


Ipk tp 
2(tD+tc) 

Peak inductor current can be related to load current 
by: 


Ipk = 


2Iload (tP + tc) 
tD 


In the step-up application however, the peak current 
is not related to the load current as in the previous 
application. This is attributed to the fact that during the 
inductor charge cycle the blocking diode D1 is reverse 
biased and no charge is delivered to the load. The circuit in 
Figure 19 delivers power to the load only during the 
discharge cycle of the inductor (when SI is open). The 
diode D1 is forward biased and the inductor discharges into 
the load capacitor. The potential across the inductor 
during this phase of the charge/discharge cycle is 
VOUT ~ ViN* The discharge time of the inductor then 
becomes: 


To ease calculation of Ipk without prior calculation of tj), 
tc and tD may be substituted for by their voltage ratios. 
Equating the charge/discharge times (tc/to), h will be 
noted that the charge to discharge ratio is proportional to 
the ratio of the input/output differential to input voltage 
ratio. 

tD ^ VlN 
tc ~ Vout-Vin 


= ^pk j 

^ VouT-ViN 


To determine the peak current relation to the load 
current, review the inductor and capacitor current wave¬ 
forms shown in Figure 20. 



tD = tc 


ViN 

VoUT - ViN 


setting tD = 1 

vqut-vin 

ViN 


which reduces to: 

Ipk = 2 Iioad 


FIGURE 20. Inductor and Capacitor Current Step-Up 
Regulator 
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From the capacitor current waveform of Figure 20, 
the remaining performance factors may be determined. 

Setting AQ+ equal to AQ- and solving for tj where 
Iload < IloadCmax) (ti is not 0). 


Conditions: 

Vin = 5V 
V0UT= 15 V 


ti = 


Ipk tP 
2 Iload 


-(tD+tc) 


lOUT “ 25 mA 




Vripple < 1% 


Calculations: 


Summarizing: 


For the step-up voltage regulator 

Ipk-2i|oid 




fo 


2 Iload 
Ipk tD 


Q (Ipk ~ Iload)^ , 
Vripple 2 Ipk 


Td 


TD = tON 



.,k > 2 ^ 

Ipk > 450 mA 


For design margin Ipk 500 mA 



tON 



5 

500 X 10-3 


tON 


Recommended on-time is; 19 ns < toN <150 /is, thus the 
range of acceptable inductance is; 190 juH to 1.5 mH 


choosing L = 200 /uH 


toN - 20 JUS 


A STEP-UP SWITCHING REGULATOR To program the TL497: 

DESIGN EXERCISE 

with R2 - 1.2 kli 

TL497A 

R1 ^(15 - 1.2)kn= 13.8kf2 

Figure 21 is the basic step-up regulator using the 
TL497A. To set the current limiting: 




• TU97A 

rwfT 


T 

r 


Rcl = O.S/Iiimit 

* 500 X 10-3 ^ 

For on-time chosen above (20 jus) Ct can be estimated; 
Ct (pf) - 12 toN (MS) 

Ct^:^240pF 

or it can be selected from Table II, page 5. 


FIGURE 21. Basic Step-Up Regulator Using the TL497A 
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To determine Cfliter for desired ripple voltage 


The nominal operating frequency fo is; 


C - ~ fload)^ Tp 

Vripple 2 Ipk 


tD = tON 



C= 12.0mF 


= lOjLis 


f 2 Iload 

®“T IpkTD 

fo = 30 kHz 

Applying these values to the TL497A results in a 
schematic as shown in Figure 22. 

Figure 23 shows another step-up circuit which will 
supply 12 volts output at 80 mA with an input of 5 volts. 


200/UH@ 
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DESIGN AND OPERATION OF 
SWITCHING VOLTAGE REGULATOR 
IN INVERTING CONFIGURATION 

The inverting regulator is similar to the step-up 
regulator in that during the charging cycle of the inductor, 
the load is isolated from the input. The only difference is in 
the potential across the inductor during its discharge. This 
can best be demonstrated by a review of the basic inverting 
regulator circuit (Figure 24). 


To simplify calculation of Ip^ from Iioadi 



• SD ^ ViN 
“tc VoUT 


Substituting this into the expression for II max and 
simplifying; 

Ipk = 2 Iioad ^ 1 + j 



FIGURE 24. Basic Inverting Regulator Circuit 


During the charging cycle (SI closed) the inductor 
(L) is charged only by the input potential-similar to the 
step-up configuration. 

ViN 


ipk= 


tON 


like the step-up configuration, in the inverting 
confi^ration (Figure 25) the input provides no contribu¬ 
tion to the load current during the charging cycle and thus 
the maximum load current for discontinuous operation will 
be limited by the peak current, in accordance with that 
observed in the step-up configuration. 


The current waveforms in the inverting configuration 
look identical to those demonstrated in the step-up 
configuration. The same formulaes therefore apply for tj, 
IL max (discontinuous) and Vrippie- 


Summarizing: 

For the inverting regulator: 


^2 Iioad 


( |VOUT| \ 

\ ViN ) 


ViN . 


II max (discontinuous) = 


Ipk fp 

2(tD + tc) 


where: 


tD^toN 


ViN 

1 VoUtI 


The discharge rate (tj)) however differs due to the 
difference in the potential across the inductor during its 
discharge which is VoUT- 


*.tD = 


|Vout| 
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AN INVERTING REGULATOR 
DESIGN EXERCISE 
with 

TL497A To set the current limiting: 


Conditions: 

Vin = 5V 
VOUT = -5 V 
IOUT“ 100 mA 
Calculations: 

Ipk>2I,oad 

Ipk ^ 400 mA 

For design margin Ipk 500 mA 


I , 


500X10-3 


tON 


Recommended on-time: 19 jus < tON < 150 jus, thus the 
range of acceptable inductance is; 190 juH to 1.5 MH 

choosing L « 200 juH 

toN “ 20 JUS 

To program the TL497: 


R2* 1.2 kO, 

R1 =(5 - 1.2) = 3.8 kn 


RCL = 0.5/Iumit 


Rcl = 


0.5 

500 X10-3 


a 


For the toN chosen above (20 jus) Ct can be estimated; 
Ct (pf) - 12 toN (ms) 

.‘.Ct = 240pF 

or it can be selected from Table 11, page 5. 

To determine Cfuter lor desired ripple voltage: 

C = td 

^ripple 2 Ipk 

^filter “ 64 ^F 


The nominal operating frequency fo is: 
- 2 Iload 

fo = 20 kHz 


Applying these values to the TL497A will give results 
as shown in Figure 26. 
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♦NOTE - DO NOT USE INTERNAL DIODE (PINS-6, 7) FOR CATCH DIODE ON 
AN INVERTING CIRCUIT. 

FIGURE 26. +5 Volt to-5 Volt Smtching^Regulator 


SPECIAL TL497A CIRCUITS 

The following are several TL497A circuits that do 
not fall strictly in a step-up or step down category but 
rather a combination of both types. 

Figure 27 is an automotive power supply built to 
supply 8.5 volts regulated to power a microprocessor 
board. During low voltage conditions (4 volts) it acts as a 
step-up circuit producing about 11 volts at the positive 
side of the 1000 /LtF capacitor. When a high voltage 


condition exists (15 volts) it acts as a step-down circuit 
still giving about 11 volts to the capacitor. This 11 volts 
then is regulated to the desired 8.5 volts by a juA 7885 
3-terminal regulator. 


Figure 28 is a dual output circuit producing both a 
+12V and -12V from a +5 volt input to the supply. While 
not supplying a large amount of current it will put out 
about 12 mA of current of each voltage polarity. 




FIGURE 28. TL497A Dual Supply 
+12 Volts and -12 Volts From +5 Volts 
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DESIGN VARIATIONS FOR 
IMPROVED PERFORMANCE 

Improving Efficiency 

The dominant contribution by the TL497A to the 
overall efficiency of the switching regulator is the Vce 
(SAT) of the transistor switch. Recall, the previous sections 
have considered the switch to be ideal (Vce (SAT) ~ ^ V), 
this is not the case in the real world. As the VcE (SAT) 
increases the circuit efficiency decreases. Consider for a 
moment the basic architecture of the three applications 
presented herein (see Figure 29). 




INVERTING REGULATOR 


Rl=^ 


1.5) hpE 


Ipk 


R2^ 


lORl 


Vin-1.5 


FIGURE 30(b), TL49 7A With External PNP Switch 
For Improved Performance 



INVERTING REGULATOR 


+ . t . -o + 

yiN K =p VOUT 

-- o —.— - 4-#—o — 

STEP-UP REGULATOR 

FIGURE 29. Basic Regulator Architectures 

Note in all but the step-up regulator the switching 
transistor is applied to the positive input rail. In these 
configurations it is impossible to drive the NPN transistor 
switch into saturation since its base drive circuit resides 
at a potential lower than its collector potential. Improved 
performance can be achieved by using an external PNP 
transistor driven by the internal NPN. (See Figure 30 (a, b).) 



FIGURE 30(a). Step-Down Regulator 


Improving on Time Stability 

The on time is determined by the timming capacitor 
(Cx) and its associated circuitry. The on time cycle 
(charging of Cx) is initiated when the voltage at the feed¬ 
back input (pin 1) is less than 1,2 volts. During the on time 
as the timming capacitor is being charged to its internally 
prescribed peak voltage, the error comparator remains 
active. If during this period the feedback voltage is 
increased above 1.2 volts, the on-time cycle will be 
interrupted. This condition can be the result of a noise 
spike fed back when the switching transistor turns on. 
The resulting Cx waveform is as illustrated in Figure 31. 




FIGURE 31. Ct Waveforms 
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Note the appearance of the charging ramp of the Cx 
waveform. It can appear as a few easily defined steps or as 
numerous, almost undetectable, smaller steps. Another 
evident condition of the presence of this problem is a jitter¬ 
ing on time. This severely degrades the efficiency of the 
converter circuit as power is lost during each transition 
of the switching transistor. Solution of this problem is 
quite simple, clamp the feedback node (pin 1) to less than 
1.2 volts during the on-time cycle. Figure 32 shows how 
this can easily be accomplished with the addition of a 
single feedback diode. 





VOUT 



STEP-UP REGULATOR 

FIGURE 32. Basic Regulator with Feedback Diodes 


The function of the feedback diode is simple. When 
the on-time cycle is initiated, the internal switching transis¬ 
tor turns on. Note that in all three configurations of 
Figure 32 the emitter of the internal switch is tied to the 
substrate pin [ground or Vqut (—)]. When the internal 
switch turns on, the feedback diode is forward biased and 
the feedback signal is clamped at approximately 0.8 volt 
(VcE (SAT) ~ 0-^ V, Vp 0.5 V), which is less than the 
1.2 volts rejference. Voltage spikes or noise appearing at the 
output will not be reflected at pin 1 as the diode 
clamp holds the feedback at 0.8 volt. Thus a clean on-cycle 
will result. At the conclusion of the on cycle, the internal 
switch turns off the diode reverse biases and the feedback 
voltage returns to its voltage prescribed by the resistor 
ladder and VquT- If used as the flyback diode the 
internal diode is quite satisfactory for this application. 

Ringing 

An oscilloscope is a must when building a switching 
power supply with this or any other circuit. It is good to 
first obtain the correct waveform on the oscillator ramp 
(pin # 3). (See Figure 32 and Figure 14.) NextTook at the 
switched waveform on the collector of switch (pin 10). 
See Figure 33. These must be correct or the circuit will 
not function properly. If ringing is noticed on the switched 
waveform (pin 10) it can be reduced by placing a 470 to 
1000 ohm resistor directly across the inductor to more 
rapidly dump the coil current when the switch is off. 


SWITCHED 
WAVEFORM 
PIN NO. 10 



FIGURE 33. 
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EXTENDED VOLTAGE OPERATION 


It is sometimes desirable to operate the TL497A 
from a voltage higher than the maximum voltage rating 
of 15.0 volts as per the specification. This may be 
accomplished with few parts, chiefly a TL783 regulator 
and a diode as shown in Figure 34. The TL783 output 
voltage chosen should be lower than the output voltage of 
the supply. The TL783 will provide a reference voltage to 
the TL497A until the VquT comes up. DpB forward 
biases, thus supplying the TL497A and shutting back the 
TL783 regulator. The residual power consumption is only 
about 5,0 mA in the TL783 circuit. 


HV-INPUT 



FEEDBACK 


FIGURE 34. 


LOW VOLTAGE OPERATION 

In some occasions there is a need to operate from 
a voltage lower than the minimum voltage rating of the 
TL497A which is 4.5 volts. Since the oscillator will run 
with less than 3 volts V^c, regulation may be accomplished 
with a circuit similar to Figure 35. With the application 
of 3 volts, the diode Dpg forward biases furnishing ^CC 
to the oscillator of the TL497A. This causes the switching 
transistor to operate and steps the voltage up to its designed 
output. (4.5 V — 15 V) Once Vqut comes up higher 
than 3.0 volts, Dpg is reversed biased and the 

TL497A is now furnished by its own output voltage. 


3V Lv 
INPUT 



NOTE-1 - SINCE ONLY THE OSCILLATOR SECTION WILL 
FUNCTION ON A 3.0 VOLT SUPPLY, THE RE¬ 
MAINDER OF THE CHIP IS INOPERATIVE. THE 
COMPLETE CIRCUIT WILL FUNCTION WHEN VquT 
REACHES ABOUT 4.5 VOLTS. 

FIGURE 35. 


SWITCHING REGULATOR DESIGN TIPS 

The TL497A being a fixed on-time, variable fre¬ 
quency device does not need a “HI-Q” type of inductor.* 
“HI-Q” coils are not desirable due to the TL497A’s broad 
frequency range of operation. If the “Q” is too high, 
excessive ringing will occur on the output pulse. If when 
using a coil with a typical “Q** of greater than 10 ringing 
does occur, a shunt resistance may be placed across the 
coil to dampen the waveform. 

While not necessary, it is highly desirable to use a 
toroid inductor as opposed to a cylindrical wound coil. 
The toroid type of winding helps to contain the flux 
closer to the core and reduce the possible radiation from 
the supply. A typical inductor of 150/xH inductance and 
capable of handling 0.5 amperes of current would have a 
D.C. resistance of about 0.6 D. Below is a list of possible 
inductor sources. 

Care should be used in placement of parts and 
routing of ground connections similiar to practices used 
in constructing R.F. circuits. These technique’s will help 
to prevent unwanted oscillations due to positive feedback 
or ground loops. 


♦NOTE: See page 22 for possible inductor sources. 
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INDUCTOR SOURCES^ 


Reliability, Inc. 
P.O.Box 218370 
Houston, TX 77218 
(713) 492-0550 

Coil Craft 

1102 Silver Lake Rd. 
Cary, Ill 60013 
(312)639-2361 


Mini-Magnetics 
453 Ravendale Dr. Unite E 
Mountain View, CA 94043 
(408) 255-7160 

Ferroxcube 
5083 Kings Highway 
Saugerties, N.Y. 12477 
(914)246-2811 


Pulse Engineering, Inc. 
P.O. Box 12235 
San Diego, CA 92112 
(714) 279-5900 


♦Texas Instruments does not 
suppliers referenced. 


TRW Inductive Products 
Mr. Austin Profeta 
ISOVarickSt. 

New York, N.Y. 

(212)255-3500 

West Coast Magnetics^ Inc. 

140 San Lazaro 
Sunnyvale, CA 94086 
(408) 733-9853 

Microtran Company, Inc, 

145 E. Mineola Avenue 
P.O. Box 236 

VaUey Stream, N.Y. 11582 
(516) 561-6050 

Cambion 

445 Concord Ave. 

Cambridge, MA 02138 
Telex: 92-1480 
(617)491-5400 

South Haven Coil, Inc. 

P.O. Box 409 Blue Star Highway 
South Haven, Michigan 49090 
AC 616 #637-5201 


endorse or warrant the 
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APPENDIX 


Tables 1 and 2 illustrate the operating range of 
the TL497A without the addition of an external power 
transistor. Standard inductor values have been used giving 
maximum operating frequencies (discontinuous mode) in 
the range 9 kHz — 103 kHz. Worst case figures for transistor 
on-state voltage, VcE (SAT)> diode forward voltage 
drop, Vf, have been assumed throughout giving a con¬ 
servatively rated output current, Iq (max), in the majority 
of cases. 



Input 

Voltage 

(V) 


Output 

Voltage 

Vo 

(V) 


Output 

Current 

*max 

(mA) 


Power 

Transfer 

f^max 

(W) 


Feedback 
Resistors 
R1 R2 


Inductor 

L(MH) 


Timing 
Capacitor 
Ct (pF) 


Operating 

Frequency 

^max 

(kHz) 


5.0 

4.75 


6 


152 

143 


0.91 


4.8K 1.2K 


150 


220 


18.9 


5.0 

4.75 


79 

74 


0.95 


10.8K 1.2K 


150 


220 


33 


5.0 

4.75 


15 


64 

60 


0.96 


13.8K 1.2K 


150 


220 


35.7 


5.0 

4.75 


53 

50 


0.95 


16.8K 1.2K 


150 


220 


38.5 


5.0 

4.75 


24 


40 

38 


0.96 


22.8K 1.2K 


150 


220 


40 


5.0 

4.75 


30 


32 

30 


0.96 


28.8K 1.2K 


150 


220 


41.7 


5.0 

4.75 


90 


0.48 


3.8K 1.2K 


150 


220 


30 


5.0 

4.75 


57 

54 


0.68 


10.8K 1.2K 


150 


220 


37 


5.0 

4.75 


-24 


34 

32 


0.82 


22.8K 1.2K 


150 


220 


41.7 


The following assumptions have been made: 

1. Power switch operation at maximum peak current. 

2. Worst case transistor and diode coiTduction losses. 

3. Use of standard 150 fiH inductor and 220 pF timing capacitor. 

Note: The 30V and -24V supplies will not give the full output in the worst case since the ratio tc/tc + td exceeds the maximum limit of 0.85 defined 
bythel.C. 


Table 1. TL497A Operation from a 5V Supply 


Input 

Voltage 

Vin 

(V) 

Output 

Voltage 

Vo 

(V) 

Output 

Current 

•max 

(mA) 

Power 

Transfer 

Pmax 

(W) 

Feedback 

Resistors 

R1 R2 

Inductor 

L(iUH) 

Timing 

Capacitor 

Ct (pF) 

Operating 

Frequency 

•"max 

(kHz) 

12 

5 

250 

1.2 

3.8K 1.2K 

256 

220 

22.7 

12 

10 

250 

2.5 

8.8K 1.2K 

73 

220 

45.5 

12 

15 

180 

2.7 

13.8K 1,2K 

439 

220 

9.8 

12 

18 

151 

2.7 

16.8K 1.2K 

439 

220 

16.5 

12 

24 

114 

2.7 

22.8K 1.2K 

439 

220 

24.9 

12 

30 

91 

2-7 

28.8K 1.2K 

439 

220 

29.8 

12 

-5 

159 

0.8 

3.8K 1-2K 

439 

220 

14.5 

12 

-12 

114 

1.4 

10.8K 1.2K 

439 

220 

24.9 

12 

-24 

76 

1.8 

22.8K 1.2K 

439 

220 

33.2 


Note: Use a standard 220 pF timing capacitor. The assumptions of maximum peak current operation and 
worst case transistor and diode losses apply. 


Table 2. TL497A Operation from a 12VSupply. 
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ABSTRACT 


Electrical and electronic products today are required to be lighter and smaller, use less power, and cost less. Because 
of these requirements, manufacturers are turning more and more to small high-frequency dc-to-dc converters for 
power-supply solutions. The TL5001 is a pulse-width-modulation (PWM) control integrated circuit, which with a few 
external components can be used to implement such converters that can operate at frequencies up to 400 kHz. 


INTRODUCTION 


The TL5001 integrated circuit incorporates all the PWM-control functions in a compact 8-pin package, including: 

• Oscillator/triangle-wave generator 

• PWM comparator with adjustable dead-time control input 

• Open-collector output-drive transistor 

• 1-V temperature-stable reference 

• Wide-bandwidth error amplifier 

• Short-circuit protection (SCP) 

• Undervoltage lockout (UVLO) 


In addition, the TL5001 operates over a 40-kHz to 400-kHz frequency range with supply voltages ranging from 3.6 V 
to 40 V and typically consumes only 1 mA of supply current. 


This application report demonstrates the design of three simple step-down (buck) converters. The designs include: two 
converters operating from 12 V and delivering 5 V at 3 A, 3.3 V at 3 A, and one that operates from 5 V and delivers 
3.3 V at 0.75 A, using the TL5001 and a few external components. 


D OR P PACKAGE 
(TOP VIEW) 


j —n —L 

OUT [ 1 8 ] GND 

Vcc [ 2 7 ] RT 

COMP [3 6 ] DTC 

FB [ 4 5 ] SCP 


Figure 1. Package Layout 


9-59 








rv^ 


SCP = Short-circuit protection 

UVLO = Undervoltage lockout protection 


Figure 2. Functional Block Diagram 





EXAMPLE 1: 12-V to 5-V at 3-A STEP-DOWN CONVERTER 

Design Criteria 

The schematic of the final design is provided in Figure 8. 


Specifications 


Input voltage range, Vj . 

Output voltage, Vq . 

Output current, Iq . 

Output ripple voltage. 

Regulation . 

Efficiency . 

Ambient temperature range, 


lOVto 15 V 

. 5V 

. 0 A to 3 A 
... <50mV 

. 1 % 

.... >80% 
0°C to 55°C 


Surface-mount components should be employed wherever feasible. The dc/dc converter is implemented with a 
continuous-mode, fixed-frequency-PWM step-down converter operating at 200 kHz. 


Duty-Cycie Estimates 

Before starting the detailed design, it is useful to estimate the duty cycle, D (ratio of the power-switch conduction time 
to the period of the operating frequency), for various input voltages. The duty cycle for a step-down converter operating 
in continuous mode is approximately: 


D 


Vi - Vsa, 


Where 

V(j = catch-rectifier conduction voltage (assume V^j = 0.6 V) 

Vsat = power-switch conduction voltage (assume V^at = 0.5 V) 

The results can be recalculated if actual values are too far from the initial estimate. 


The duty cycle for Vj = 10,12, and 15 V is 0.59,0.49, and 0.39, respectively. 


Output Filter 

The output filter is a single-stage LC design. 

Inductor 

Choose the inductance value to maintain continuous-mode operation down to 10% of rated output current. 

AIq = 2 X 0.1 X Iq^jjj^x) = 2 X 0.1 X 3 = 0.6 a peak-to-peak 

The ripple current is simply the product of the inductor voltage and the power-switch conduction time, divided by 
the inductor value. 




LI 


^ind 

LI 


where Ts = period of the converter operating frequency. 

The inductor voltage during ton input voltage minus Vsat» the power-switch conduction voltage, minus the output 

voltage. Solving for LI, 


LI 


(Vl - Vsat - Vo)(D) W 
Alp 


(15 - 0.5 - 5) (0.39) (5 X 10-6) 

OT 


30.87 nH 


Because the core is too large, there are not many off-the-shelf surface-mount devices for this design. A 27-|iH inductor 
(27 turns of 22-gauge magnet wire on a Micrometals T50-26B powdered-iron toroid) was selected because it was readily 
available. 
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Output-Rrter-inductor Selection " 

Magnetic component manufacturers offer a wide r^ge of off-the-shelf inductors suitable for dc/dc converters, some 
of which are surface mountable. There are types of inductors available; the most popular core materials are 
ferrites and powdered iron. Bobbin or rod-core mductors are readily available and inexpensive, but care must be 
exercised in using them because they are more likely to cause noise problems than are other shapes. Custom designs 
are also feasible, provided the volumes are sufdcently high. 


Capacitor 

The output capacitor is selected to limit ripple voltage to the level required by the specification. The three elements of 
the capacitor that contribute to ripple are: equivalent series resistance (ESR), equivalent series inductance (ESL), and 
capacitance. Normally, in designs of this type, it is necessary to provide a great deal of capacitance to get ESR to 
acceptable levels. ESL, which can be a problem at high frequencies, can be controlled by choosing low ESL capacitors, 
limiting lead length (PCB and capacitor), and replacing one large device with several smaller ones connected in parallel. 

Assuming all the inductor ripple current flows through the filter capacitor and the ESR is zero, the capacitance needed 
to limit the ripple to 50 mV peak-to-peak is: 

C = =_ 0.6 ^ 7 5 

8 X fs X AVq (g) ^200 X 103) (0.05) 

Assuming the capacitance is very large, the ESR needed to limit the ripple to 50 mV peak-to-peak is: 

ESR = ^ = 83 

AIq 0.6 


Capacitor ripple current is seldom a problem in low-voltage converters unless a large number of devices are paralleled. 
However, to be on the safe side, the rms current is established as: 

Alo(rms) “ ^ 0.289 = 0.17 Arms 

The output-filter capacitor(s) should be rated for: at least ten times the calculated minimum capacitance, an ESR 30% 
to 50% lower than the calculated maximum, a 0.5-Arms-or-greater ripple-current rating at 100 kHz and 85°C, and a 
7.5-V or greater voltage rating. 

Use one 220-fxF 10-V OS-CON SA-series device, even though it is in a lead-mounted radial package. The ESR is 
35 mO (at 100 kHz) and the 85°C ripple-current rating is 2.36 Arms. Where package height and/or surface-mount 
packaging is critical, two solid tantalum-chip 100-|xF 10-V devices with 100-mQ ESR and 1.1-Arms ripple-current 
rating from either the AVX TPS series or the Sprague 593D series connected in parallel work well. 


Output-Fflter*Capacitor Selection 

Three capacitor technologies: low^mpedance aluminum, oxganic semiconductor, and solM tantalum, are suitable 
for low-cost commercial applications such as this one. Low-impedance aluminum electrolyses are the lowest cost 
and offer high capacitance in small packages, but ESR is higher than the ote two and there are currently no surface 
mount devices suitable for this applicatiem. Organic semiconductorelectrolyfics, such as the Sanyo 0$-CON series, 
have become very popular for the pow^-supply industry in recent yeai^. These cap^itcus offer te best of both 
worlds ^ a low ESR that is stable over the temperature range and hi^ capacitance in a small package. Most of the 
OS-CON units are supplied in lead-moun^ radial packages; surf^-mount cfevices are available but much of the 
size and performance advantage is sacrificed. Solid-tantalum chip ca|mcttors are probably the best choice if a 
surface-mounted device is an absolute must Products such as the AVX TPS family and the Sprague 593D family 
were developed for power-supply applications. These products offer a low ESR tot is relatively stable over the 
temperature range, high ripple-current capability, low ESL, surge-current testing, and a high mtio of capacitance 
to volume. 
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Power-Switch Design 


The power-switch design includes: selecting the power switch, catch rectifier, and rectifier-snubbing network (if 
needed), calculating power dissipations and junction temperatures, and ensuring the semiconductors have proper heat 
sinking. 

Power Switch 

The design uses a p-channel MOSFET to simplify the drive-circuit design and minimize component count. Based on 
the preliminary estimate, rj)s(on) should be less than 0.5 V -J- 3 A = 167 mQ with a 10-V gate drive and the 
drain-to-source breakdown voltage appropriate for a 15-V supply. Surface-mount packaging is also desirable. 

The IRF9Z34S is a 60-V p-channel MOSFET in a power surface-mount package with r£)S(on) =140 mO maximum with 
a 10-V gate drive. 

Power dissipation, which includes both conduction and switching losses, is given by: 

’'DS(on) X D + 0.5 X Vj X Iq X x 

Where tj.+f = total MOSFET switching time (turn-on and turnoff) and rDS(on) 1^ adjusted for temperature. 

Assuming the drive circuit is adequate for tj.+f = 100 ns and the junction temperature is 125°C with a 55°C ambient, 
the rDS(on) adjustment factor is 1.6. 

Pp = (32j(0.14 X 1.6)(0.59) + (0.5)(10)(3)(o.l x 10‘^)(200 x lO^) 

Pjj = 1.19 + 0.30 = 1.49 W 

Conduction losses are dominant in this application but may not be in others. It is good practice to check dissipation at 
the extreme limits of input voltage to find the worst case. 

The thermal impedance Rqja = 40°CAV for FR-4 with 2-oz copper and a one-inch-square pattern. 

Tj = Ta + (RgjaX Pd) = 55 + (40 x 1.49) = 115°C 


Bipolar Versus MOSFET Power Transistors 

Each of the three designs presented in this report could be implemented with bipolar or MOSFET transistors as the 
power switch. Bipolars are inexpensive and can perform well in low-voltage applications such as these, but designing 
a drive circuit to realize the performance is not a trivial effort. Furthermore, complex base-drive schemes can 
eliminate much, if not all, of the cost advantage. MOSFETs were selected for this application because the fast 
switching times required for high-frequency operation are acheived with relatively simple, low-component-count 
gate drive circuits, and the focus in this report is the controller design. 
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Catch Rectifier 

The catch rectifier conducts when the power switch turns off and provides a path for the inductor current. Important 
criteria for selecting the rectifier include: fast switching, breakdown voltage, current rating, low-forward voltage drop 
to minimize power dissipation, and appropriate packaging. Unless the application justifies the expense and complexity 
of a synchronous rectifier, the best solution for low-voltage outputs is usually a Schottky rectifier. 

The breakdown voltage must be 20 V or greater to handle the 15-V input; the current rating must be at least 3 A (normally 
the current rating will be much higher than the output current because the power limits the number of acceptable 
devices); and a surface-mount package is extremely desirable. 

The 50WQ03F is a 5.5-A, 30-V Schottky in a DPAK, power surface-mount package. Care must be taken to ensure that 
the rectifier maximum junction temperature is not exceeded. The first step in determining the rectifier junction 
temperature is to estimate worst-case power dissipation. Neglecting leakage current and assuming the ripple current in 
the inductor is much less than the output current, the catch-rectifier power dissipation is: 

Pd = Iq Vd X (1 - D) 

where V^j is the rectifier conduction drop. Worst-case dissipation occurs at high line where D is minimum. The 
50WQ03F has a maximum forward drop of 0.55 V at a forward current of 3 A and a junction temperature of 125 °C. 

Pj) = 3 X 0.55 X (1 - 0.39) = 1 W 

The thermal impedance Rqja = 50°CAV when mounted on FR-4 with 2-oz copper and a one-inch-square pattern. 

Tj = Ta + (RgjaX Pd) = 55 + (50 x 1) = 105°C 


Catch-Rectifier Snubber Network 


Step-down converters almost universally suffer from ringing on the voltage waveform at the node where the 
power-switch drain, output inductor, and catch-rectifier cathode connect. The ringing, which results from driving 
parasitic inductances and capacitances with fast rise-time waveforms, ranges in severity from objectionable to 
unacceptable depending on component selection and PCB layout. An RC-snubber damping network in parallel with the 
catch rectifier is by far the simplest way to minimize or eliminate the problem. Since deleting components from a 
printed-circuit layout is usually easier than adding them, the safest strategy is to include the network in the initial design 
and delete the components if they prove unnecessary. 


The initial design is straightforward, but the PCB layout may necessitate component-value adjustments during the 
prototype phase. The capacitor value chosen is 4 to 10 times greater than the rectifier junction capacitance; higher values 
improve the snubbing but dissipate more power. The 50WQ03F has a typical junction capacitance of 180 pF, and a 
snubber-capacitor value should be between 750 pF and 1.8 nF. Use C8 = 1.2 nF for convenience. Rectifiers normally 
ring in the range from 1 to 50 MHz. Choose the snubber resistor, RIO, for a 50-ns time constant: 


RIO 


50 X 10-9 
C8 


^ Q = 41.7 Q =5> Use 43 Q 
1.2 X 10-9 


Because the capacitor is charged and discharged each cycle, the power dissipation in RIO is: 
(2)(C8)(Vj 2) (yj = (2)(l.2 X 10-9j(i52^^200.x_102j = 54 


Controller Design 

The controller-design procedure involves choosing the components required to program the TL5001 and includes 
setting the oscillator frequency, the dead-time control voltage, the soft-start timing, and the short-circuit-protection 
timing. The sense-divider network and loop-compensation designs are also addressed in this section. 

Oscillator Frequency 

Resistance value R1 is selected to set the oscillation frequency to 200 kHz. Select R1 = 43 kQ from the graph shown 
in Figure 3. 
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10 k 100 k IM 

Rj - Timing Resistance - Q 

Figure 3. Oscillator Frequency Versus Timing Resistance 


Dead-Time Control 

Dead-time control provides a minimum period of time during each cycle when the power switch cannot be on; i.e., it 
limits the duty cycle to some value less than 100%. Even though dead time is not necessary in this application, a small 
amount is provided to minimize the surge current that would result from a short circuit while the protection circuit is 
timing out. 

The dead time is set by connecting a resistor, R2, between DTC and GND. A constant current Idx flows out of DTC 
generating a voltage, Vp)j. Idj is controlled by the current that flows out of RT (this current is normally equal to I-p, 
but varies slightly with frequency and the peak amplitude of Vp)x). The maximum duty cycle is 0.59. Typically, the actual 
duty cycle is set slightly higher to allow for parameter tolerances. For this design, a duty cycle of 0.70 is chosen. 
See Figure 4 to find the maximum and minimum ramp-voltage levels, Vo(ioo%) ^0(0%)’ calculated from the 

following expression (Rdx, Rt in kH, D in decimal): 

R2 = (R1 + 1.25) 

= (43 + 1.25)[0.7(1.4 - 0.6) + 0.6] = 51.3 k£2 
A value of 51 k^2 is used for R2. 
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10 k 100 k 1M 10 M 

fosc ” Oscillator Frequency - Hz 


Figure 4. PWM Triangle-Wave-Amplitude Voltage Versus Oscillator Frequency 
Soft-Start Timing 

Soft start is implemented by adding a capacitor in parallel with the dead-time control resistor, R2. A start-up time of 
5 ms is chosen. 


C5 


R2 


5 X 10-3 
51 X 103 


= 0.1 (iF 


SCP Timing 

In normal operation, SCP and the timing capacitor, C4, are clamped to approximately 185 mV. Under short-circuit 
conditions, C4 is allowed to charge. If the voltage across C4 reaches 1 V, the SCP latch is activated and the converter 
is shut down. The protection-enable period, tpg, must be longer than the dc/dc converter start-up time, or the converter 
will never come up. Because the soft start is designed to bring the converter up within 5 ms, tpg = 75 ms should work 
well. C4 is given by (tpg in s, C4 in pF); 

C4 = 12.46 X tpe = 12.46 x 0.075 = 0.935 pF 1 pF 

Output Sense Network 

The output sense network is a resistive divider connected between the converter output and ground with the divider 
output connected to the TL5001FB terminal (refer to Figure 6). The divider ratio is chosen for a 1-V output (the TL5001 
reference voltage) when the converter output is at the desired value. 

Establishing the proper divider ratio is critical, but selecting values for the sense network is somewhat arbitrary. 
Choosing the values too high can result in converter-output-voltage accuracy problems because the error-amplifier 
input-bias current loads the network. Values that are too low can dissipate too much power, drain too much power from 
limited power sources such as batteries, or lead to loop-compensation-capacitor values that are too high to be practical. 
As a rule, a divider current approximately 1000 times greater than the maximum error-amplifier input current is chosen. 
Resistors with \% tolerances and low and/or reasonably well-matched temperature coefficients are recommended to 
minimize the output voltage tolerance. 

Because the worst-case TL5001 input bias current is 0.5 |iA, the divider current should be approximately 
1000 X 0.5 pA = 0.5 mA. In regulation, the voltage across R6 is 1 V and the voltage across R5 is Vq - 1 V = 4 V. 

R6 = = 2 kQ 

0.5 mA 


R5 


(''o-i'') 


0.5 mA 0.5 X 10-3 


8 kQ 


Since they are readily available and provide the right divider ratio, R5 = 7.50 kl2 and R6 = 1.87 kO are used. 
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Loop Compensation 

The loop-compensation design procedure consists of shaping the error-amplifier frequency response with external 
components to stabilize the dc/dc converter feedback control loop without destroying the control-loop ability to respond 
to line and/or load transients. A detailed treatment of dc/dc converter stability analysis and design is well beyond the 
scope of this report; however, several references on the subject are available. The following is a simplified approach to 
designing networks to stabilize continuous-mode buck converters that works well when the open-loop gain is below 
unity at a frequency much lower than the frequency of operation. 

Ignoring the error-amplifier frequency response, the response of the pulse-width modulator and power switch operating 
in continuous mode, can be modeled as a simple gain block. The magnitude of the gain is the change in output voltage 
for a change in the pulse-width-modulator input voltage (error-amplifier COMP voltage). Typically, increasing the 
COMP voltage from 0.6 V to 1.4 V increases the duty cycle from 0 to 100% and the output voltage from 0 V to 
approximately 12 V at the nominal input voltage. The gain, is: 

AVq (12 - 0) 

Adwa/i = -= 7 - 7 = 15 => 24 dB at nominal input 

PWM AVo(coMP) (1.4 -0.6) 

Similarly, the gain is 22 dB at low line and 25 dB at high line. Converters with wider input ranges, 2:1 or more, need 
to check for stability at several line voltages to ensure that gain variation does not cause a problem. 

The output filter is an LC filter and functions accordingly. The inductor and capacitor produce an underdamped 
complex-pole pair at the filter resonant frequency and the capacitor ESR (Rg) puts a zero in the response above the 
resonant frequency. The complex poles are located at: 

-=. . ^ . . - = 2.06 kHz 

2n l{21 X 10-6)^220 x lO-^j 

The zero is located at: 


1 


2 Jt RcC 


(2 m)(0.035)(220 x 


= 20.7 kHz. 


Figure 5 includes gain and phase plots of the open-loop response (error amplifier not included) obtained from a simple 
SPICE simulation. 

270° 



10 


180° 


90° 


0 . 

I 


-90° 


-180° 


100 


1 k 

f - Frequency - Hz 


10 k 


100 k 


Figure 5. Uncompensated Open-Loop Response 

The presence of the complex-pole pair is evident from the resonant peaking in the gain at 2 kHz and the rapid phase 
transition in the vicinity of 2 kHz. The zero is hard to see in the gain plot but shows up well in the phase response; the 
complex poles provide -180° of phase shift at 20 kHz and the zero adds 45° for a net of -135°. 
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Unless the designer is trying to meet an unusual requirement, such as very wide band response, many of the decisions 
regarding gains, compensation pole and zero locations, and unity-gain bandwidth are largely arbitrary. Generally, the 
gain at low frequencies is very high to minimize error in the output voltage; compensation zeros are added near the filter 
poles to correct for the sharp change in phase encountered near the filter-resonant frequency; and an open-loop 
unity-gain frequency is selected well beyond the filter-resonant frequency but 10% or less than the converter operating 
frequency. In this instance, a unity-gain frequency (fj) of approximately 20 kHz is chosen to provide good transient 
response. Figure 6 shows a standard compensation network chosen for this example. 



Figure 6. Compensation Network 

Assuming an ideal amplifier, the transfer function is: 


Aea(S)-^ 


R5(C2 + Cl) 


[S(R5 -H R7) C3 + 1] (S R4 C2 + 1) 
(S R7 C3 + l)[s R4 (Cl || Cl] + l] 


The integrator gain, 1/[R5 • (C2 + Cl)], establishes the open-loop unity-gain frequency. The zeros are located at 
approximately the same frequency as the output-filter poles to compensate for the gain reduction and phase shift. The 
pole at 1/(271 • R7 • C3) is positioned at approximately the same frequency as the zero in the output filter to maintain the 
20 dB-per-decade roll-off in the gain response. The final pole at 1/(2 7t • R4 • Cl IIC2) is placed at a frequency between 
half of the operating frequency and the operating frequency to minimize high-frequency noise at the pulse- 
width-modulator input. The last pole is not always necessary but should be included in the design until the need is 
established. 

The sum of the gains of the modulator, the LC filter, and the error amplifier is 0 dB at the unity-gain frequency. The gain 
of the modulator/LC filter at 20 kHz may be calculated or obtained from a bode plot using straight-line approximations 
or from a simple SPICE simulation. As shown in Figure 5, the modulator/filter gain is -12 dB at 20 kHz. 

The compensation network has two zeros at 2 kHz to cancel out the LC filter poles. These two zeros contribute a gain 
of 40 dB at 20 kHz; therefore, the gain contributed by the compensation-network integrator needs to be 
-28 dB [0 - (-12 +40) = -28]. The integrator gain of-28 dB translates to a voltage gain of 0.0398. 


(2 l()(f^)(R5)(C2 + Cl) 


0.0398 at f-r 


In practice, C2 » Cl, 


(2n)(f.p)(R5)(0.0398) (6.28)(20 x 103)(7.5 x 103)(0.0398) 


0.027 (iF 


R4 is chosen to position a zero at 2 kHz. 


(2jt)(f)(C2) (6 28)(2 X 103)(0.027 x 10-^) 


2.95 kQ => Use 3.0 kQ 
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Figure 7. Compensated-Loop Response 
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Table 1. Example 1: Bill of Materials 


REF DES 

PART NO. 

DESCRIPTION 

MFG 

U1 

TL5001 

1C, PWM Controller 

Texas Instruments 

Cl 


Capacitor, Ceramic, 

470 pF, 

50 V, 

10% 


C2 


Capacitor, Ceramic, 

0.027 pF, 

50 V, 

10% 


C3 


Capacitor, Ceramic, 

0.01 iiF, 

50 V, 

10% 


C4 


Capacitor, Tantalum, 

1.0 pF, 

20 V, 

10% 


C5 


Capacitor, Ceramic, 

0.10 pF, 

50 V, 

10% 


C6 


Capacitor, Ceramic, 

220 pF, 

50 V, 

10% 


C7 

20SA100M 

Capacitor, Aluminum, 

100 pF, 

20 V, 

20% 

Sanyo 

C8 


Capacitor, Ceramic, 

0.0012 pF, 

50 V, 

10% 


C9 

10SA220M 

Capacitor, Aluminum, 

220 pF, 

10 V, 

20% 

Sanyo 

CR1 

50WQ03F 

Diode, Schottky, 

30 V, 

5.5 A 


International Rectifier 

CR2-4 

PMBD914PH 

Diode, Switching, 

100 V, 

200 mA 



LI 

T50-26B 

Core, Inductor, 

27 pH, 

27 Turns #22 

MicroMetals 

Q1 

IRF9Z34S 

Transistor, MOSFET, 

p-ch. 

60 V, 

18A, 0.14 

International Rectifier 

Q2 

PMBT2222APH 

Transistor, NPN, 

30 V, 

150 mA 



Q3 

PMBT2907APH 

Transistor, PNP, 

40 V, 

150 mA 



R1 


Resistor, CF, 

43 kQ, 

1/4 W, 

5% 


R2 


Resistor, CF, 

51 kU 

1/4 W, 

5% 


R4 


Resistor, CF, 

3.0 kQ, 

1/4 W, 

5% 


R5 


Resistor, MF, 

7.50 kQ, 

1/4 W, 

1% 


R6 


Resistor, MF, 

1.87 ka 

1/4 W, 

1% 


R7 


Resistor, CF, 

820 Q, 

1/4 W, 

5% 


R8 


Resistor, CF, 

lOkn, 

1/4 W, 

5% 


R9 


Resistor, CF, 

2.2 kQ, 

1/4 W, 

5% 


RIO 


Resistor, CF, 

43 a, 

1/4 W, 

5% 



Table 2. 

Example 1 

Test Results 


PARAMETER 

TEST CONDITIONS 

MEASUREMENT 

Load regulation 

V| = 12V, 

o 

II 

o 

i 

CO 

> 

0.4% 

Line regulation 

IO= 1-5 A, 

V| = 10 ~ 15 V 

0.4% 

Output ripple (peak-to-peak) 

V| = 12 V, 

< 

00 

II 

p 

10 mV 

Efficiency 

V| = 12V, 

< 

CO 

11 

p 

81.7% 
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EXAMPLE 2:12-V to 3.3-V at 3-A STEP-DOWN CONVERTER 


Design Criteria 

The schematic of the final design is provided in Figure 9. This design is very similar to that in Example 1 and thus much 
of the detail is not repeated. 


Specifications 

Input voltage range, Vj . 10 V to 15 V 

Output voltage, Vq . 3.3 V 

Output current, Iq .. ■ 0 A to 3 A 

Output ripple voltage.. <50 mV 

Efficiency . >70% 

Ambient temperature range, T/^ . 0°C to 55°C 


Surface-mount components should be employed wherever feasible. The dc/dc converter is implemented with a 
continuous-mode, fixed-frequency-PWM step-down (buck) topology operating at 200 kHz. 

Duty-Cycle Estimates 

Estimate the power-switch duty cycle over the range of input voltages using: 


Where 

V(j = catch-rectifier conduction voltage (assume V^j = 0.6 V) 

Vsat = power-switch conduction voltage (assume = 0*5 V) 

The results can be recalculated if actual values are too far from the initial estimate. 


The duty cycle for Vj = 10, 12, and 15 V is 0.41, 0.34, and 0.27, respectively. 


Output Filter 

The output filter is a single-stage LC design. 

Inductor 

Choose LI to limit the peak-to-peak ripple current to 10% of the maximum output current. 
AIq = 2 X 0.1 X iQ(jj^ax) = 2 X 0.1 X 3 = 0.6 A peak-to-peak 


Inductance is given by: 


LI 


sat 


O 


) X D 


Al 


O 


Maximum ripple current occurs at the maximum input voltage. Solving for LI: 


LI = 


(^i - Vsat - Vo)(D)(t) (15 - 0.5 - 3.3)(0.27)(5 X 10-6) 

-=--= 25.2 nH 


Air 


For convenience, use the same inductor as in example 1; therefore, LI = 27 pH. 

Capacitor 

Assuming all the inductor ripple current flows through the capacitor and ESR is negligible, calculate the capacitance 
needed to limit the ripple voltage to 50 mV peak-to-peak. 


^_06_ 

8 X fs X AVq (8)(200 X 103)(0.05) 


7.5 mF 
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Assuming the capacitance is at least 10 times greater than the calculated value, the ESR to limit the ripple to 50 mV 
peak-to-peak is: 


ESR 


AV, 


O 


AI 


O 


0.05 

0.6 


83 mQ 


The rms capacitor-ripple current is: 

Capacitor current = 0.289 X AIq = 0.289 x 0.6 == 0.17 Arms 

For convenience, use the same 220-|xF, 10-V, 35-mQ OS-CON SA-series device that was used in Example 1. Alternate 
choices include a 1 OO-pF, 16-V, 45-mO device in the same family but one case-size smaller, and two of the solid tantalum 
100-pF, 10-V devices described in example 1. 


Power-Switch Design 

The power-switch design procedure includes selecting the power switch, the catch rectifier, and the rectifier-snubbing 
network (if needed), calculating power dissipations and junction temperatures, and ensuring the semiconductors have 
proper heat sinking. 

Power Switch 

The surface-mount p-channel device used in Example 1 should work in this design also. The IRF9Z34S has a 60-V 
drain-to-source breakdown and a 140-mn maximum rj)S(Qji) with a 10-V gate drive. 

Assume that the worst-case junction temperature is 125°C in a 55°C ambient temperature and the drive circuit provides 
a 100-ns total switching time (tum-on and turnoff). rDS(on) increases by a factor of 1.6 at 125°C. 

Pp = (32 )(0.14 X 1.6X0.41) + (0.5)(10)(3)(o.l X 10-6j(200 x lO^) 

Pp = 0.83 + 0.30 = 1.13 W 

The thermal impedance Rqja = 40°C/W for FR-4 with 2-oz copper and a one-inch-square pattern. 

Tj = Ta + (RgjaX Pd) = 55 + (40 x 1.13) = 100°C 


Catch Rectifier 

Since the requirements are so similar, consider the same device used in Example 1, the 50WQ03F. The device is a 5.5-A, 
30-V Schottky diode in a DPAK, power surface-mount package. 

Worst-case dissipation occurs at high line where D is minimum. The 50WQ03F has a maximum forward drop of 0.55 V 
at a forward current of 3 A and a junction temperature of 125°C. 

Pj) = 3 X 0.55 X (1 - 0.39) - 1 W 

The thermal impedance Rqja = 50°CAV when mounted on FR-4 with 2-oz copper and a one-inch-square pattern. 

Tj = 55 + (50xl)=105°C 


Catch-Rectifier Snubber Network 

The capacitor value chosen is 4 to 10 times greater than the rectifier junction capacitance; higher values improve the 
snubbing but dissipate more power. The 50WQ03F has a typical junction capacitance of 180 pF, and the 
snubber-capacitor value should be between 750 pF and 1.8 nF. Use C8 = 1.2 nF for convenience. Rectifiers normally 
ring in the range from 1 to 50 MHz. Choose the snubber resistor, RIO, for a 50-ns time constant: 


RIO 


50 X 10-9 
C8 


^ o = 41.7 Q => Use 43 Q 

1.2 X 10-9 
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Because the capacitor is charged and discharged each cycle, the power dissipation in RIO is: 
(2)(C8)(Vj2)^^j = (2)(l.2 X 10-^)^152j^2Q0_xJ^j ^ 


Controller Design 

The controller-design procedure involves choosing the components required to program the TL5001 and includes 
setting the oscillator frequency, dead-time control voltage, soft-start timing, and short-circuit-protection timing. The 
sense-divider network and loop-compensation designs are also addressed in this section. 

Oscillator Frequency 

Select resistor R1 = 43 kH using the graph in Figure 3 to set the oscillator frequency to 200 kHz. 

Dead-Time Control 

The dead-time-control resistor, R2, is chosen to limit the duty cycle to approximately 0.55, well above the anticipated 
0.41 maximum duty cycle. See Figure 4 to find the maximum and minimum ramp-voltage levels, Vo( ioo%) Vo(o%)- 
R2 is calculated from the following expression (Rdx^ ^^2, D in decimal): 

R2 = (R1 + 1.25) |^d(Vo(ioo%) “ ^0(0%)) + ''o(0%)] 
where R1 and R2 are in kQ. 

R2 = (43 + 1.25)[0.55 (1.4 - 0.6) + 0.6] = 46 kQ => 47 kQ 


Soft-Start Timing 

As in Example 1, choose C5 = 0.1 pF to bring the output voltage into regulation in approximately 5 ms. 

SCP Timing 

As in Example 1, choose C4 = 1.0 pF to set the protection enable period to approximately 75 ms. 


Output Sense Network 

The worst-case input bias current for the TL5001 is 0.5 pA; therefore, the divider current should be approximately 
1000 X 0.5 pA = 0.5 mA. In regulation, the voltage across R6 is 1 V and the voltage across R5 is Vq - 1 V = 2.3 V. 
Choose R5 = 7.50 k^2 so that the compensation values in Example 1 can be used in this design as well. 


divider 


R6 


K-i'') 


3.3 - 1 


R5 
1 V 


0.307 mA 


0.307 mA 


7.5 X 10^ 

= 3.26 kQ => Use 3.24 kQ 


Loop Compensation 

Because the output-filter components, the PWM gain, and R5 are the same as in Example 1, the same compensation 
design can be used for this application (refer to Example 1 for details). 
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Table 3. Example 2: Bill of Materials 


REF DES 

PART NO. 

DESCRIPTION 

MFG 

U1 

TL5001 

IC, PWM Controller 

Texas Instruments 

Cl 


Capacitor, Ceramic, 

470 pF, 

50 V, 

10% 


C2 


Capacitor, Ceramic, 

0.027 pF, 

50 V, 

10% 


C3 


Capacitor, Ceramic, 

0.01 pF. 

50 V, 

10% 


C4 


Capacitor, Tantalum, 

1.0 pF, 

20 V, 

10% 


C5 


Capacitor, Ceramic, 

0.10 pF, 

50 V, 

10% 


C6 


Capacitor, Ceramic, 

220 pF, 

50 V, 

10% 


C7 

20SA100M 

Capacitor, Aluminum, 

100 pF, 

20 V, 

20% 

Sanyo 

C8 


Capacitor, Ceramic, 

0.0012 pF, 

50 V, 

10% 


C9 

10SA220M 

Capacitor, Aluminum, 

220 pF, 

10 V, 

20% 

Sanyo 

CR1 

50WQ03F 

Diode, Schottky, 

30 V, 

5.5 A 


International Rectifier 

CR2-4 

PMBD914PH 

Diode, Switching, 

100 V, 

200 mA 



L1 

T50-26B 

Core, Inductor, 

27 pH, 

27 Turns #22 

MicroMetals 

Q1 

IRF9Z34S 

Transistor, MOSFET, 

p-ch. 

60 V, 

18A, 0.14 Q 

International Rectifier 

Q2 

PMBT2222APH 

Transistor, NPN, 

30 V, 

150mA 



Q3 

PMBT2907APH 

Transistor, PNP, 

40 V, 

150 mA 



R1 


Resistor, CF, 

43 ka 

1/4 W, 

5% 


R2 


Resistor, CF, 

47 kQ, 

1/4 W, 

5% 


R4 


Resistor, CF, 

3.0 ka 

1/4 W, 

5% 


R5 


Resistor, MF, 

7.50 ka 

1/4 W, 

1% 


R6 


Resistor, MF, 

3.24 ka 

1/4 W, 

1% 


R7 


Resistor, CF, 

820 a 

1/4 W, 

5% 


R8 


Resistor, CF, 

10 kQ, 

1/4 W, 

5% 


R9 


Resistor, CF, 

2.2 ka 

1/4 W, 

5% 


R10 


Resistor, CF, 

43 Q, 

1/4 W, 

5% 



Table 4. Example 2: Test Results 


PARAMETER 

TEST CONDITIONS 

MEASUREMENT 

Load regulation 

V| = 12 V, 

< 

CO 

i 

o 

II 

p 

0.7% 

Line regulation 

IO = 1.5 A, 

V| = 10~ 15A 

0.9% 

Output ripple (peak-to-peak) 

V| = 12V, 

< 

00 

II 

p 

8 mV 

Efficiency 

V| = 12V, 

< 

CO 

II 

p 

74.7% 
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EXAMPLE 3: 5-V to 3.3-V at 0.75-A STEP-DOWN CONVERTER 

Design Criteria 

The schematic of the final design is provided in Figure 13 . Example 1 gives a more detailed explanation of the same 
design procedure used in this section. 


Specifications 

Input voltage range, Vj ... 4.75 V to 5.25 V 

Output voltage, Vq . 3.3 V 

Output current, Iq . 0 A to 0.75 A 

Output ripple voltage. <50 mV 

Regulation . 1% 

Efficiency ... >70% 

Ambient temperature range, . -20°C to 65°C 


Surface-mount components should be employed wherever feasible. The dc/dc converter is implemented with a 
continuous-mode, fixed-frequency-PWM step-down (buck) converter operating at 200 kHz. 


Duty-Cycle Estimates 

Estimate the power-switch duty cycle over the range of input voltages using: 


D 


Vi - Vsa, 


Where 

V^i = catch-rectifier conduction voltage (assume V^} = 0.5 V) 

Vsat = power-switch conduction voltage (assume Vgat = 0.25 V) 

The results can be recalculated if actual values are too far from the initial estimate. 
The duty cycle for Vj = 4.75, 5, and 5.25 V is 0.84,0.80, and 0.76, respectively. 


Output Filter 

The output filter is a single-stage LC design. 

Inductor 

Choose LI to maintain continuous-mode operation to 20% of the rated output current. 
AIq = 2 X 0.2 X = 2 X 0.2 X 0.75 = 0.3 A peak-to-peak 

The inductor value is calculated using 

, , (Vi - - Vo)dts 

AI^ 


where Ts is the period of the converter operating frequency. 

Maximum ripple current occurs at the maximum input voltage. Solving for LI: 


(5.25 - 0.25 - 3.3)(0.76)(5 x lO-^) 

-03-^-^=21.5,*H 


Use LI = 20 |LiH (Coiltronics CTX20-1,1.15 A dc-current rating, surface-mount package). Using the new value for LI, 
AIq is recalculated: 


AIq - 


(Vj - Vsat - Vo)dTs (5.25 - 0.25 - 3.3)(0.76){5 x 10-6) 


LI 


20 X 10-6 


= 323 mA peak-to-peak 
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Capacitor 

Assuming all the inductor ripple current flows through the capacitor and ESR is zero, the capacitance needed to limit 
the ripple voltage to 50 mV peak-to-peak is: 


C = 


AI 


O 


8 X f s X AVq 


0.323 

(8)(200 X 1o3)(0.05) 


4.04 |iF 


If the capacitance is at least ten times greater than the calculated value, the ESR to limit the ripple to 50 mV peak-to-peak 
is: 

Capacitor ripple current is seldom a problem in low-voltage converters unless a large number of devices are paralleled. 
However, the capacitor current is calculated as follows: 

Irms = 0-289 X AIq = 0.289 X 0.323 = 0.093 Arms 

The output filter capacitor(s) should provide at least ten times the calculated minimum capacitance and an ESR 30% 
to 50% lower than the calculated maximum to provide some margin for ESL, PCB leads, temperature, and aging. The 
200-kHz, 85°C ripple current should be 0.25 Arms or greater, and the voltage rating should be at least 6.3 V. 

For this case, a 100-|xF, 10-V tantalum electrolytic with an ESR of 0.100 Q maximum was chosen. 


Power-Switch Design 

The power-switch design procedure includes selecting the power switch, the catch rectifier, and the rectifier-snubbing 
network (if needed); calculating power dissipations and junction temperatures; and ensuring the semiconductors have 
proper heat sinking. 

Power Switch 

This design uses a p-channel MOSFET to simplify the drive-circuit design and minimize component count. Based on 
the preliminary estimate, rj)s(Qjj) should be less than 0.25 V ^ 0.75 A = (333 mH) with a 5-V gate drive and a 
drain-to-source breakdown voltage appropriate for a 5-V supply. A low gate-to-source threshold voltage and 
surface-mount packaging are also desirable. 

The TPS 1 lOlD is a 15-V p-channel MOSFET in an SO-8 package with rp)S(Qjj) = 0.19 mQ maximum, with a 4.5-V gate 
drive. 


^DS(on) X D + 0.5 X Vj X Iq X x fj 

Where t^+f = total MOSFET switching time (turn-on and turnoff) and rps^Q^) is adjusted for temperature. Assuming 
the drive circuit is adequate for t^^ f = 100 ns and the junction temperature is 100°C with a 65°C ambient, the adjustment 
factor is 1.3 and rDS(on) = 1-3 x 0.19 = 0.25. 

Pp = [(0.752|(0.25)(0.80)j + [(0.5)(5)(0.75)(o.l x 10-6)(200 x lO^jj 
Pp = 113 + 38 = 151 mW 

The thermal impedance R0 ja = 158°CAV for FR-4 with no special heat-sinking considerations. 

Tj = Ta + (R0JA X Pd) = 65 + (158 x 0.151) = 89°C 
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Catch Rectifier 

The power dissipation in this design is very low because of a relatively low output-current requirement and the 
high-power-switch duty cycles. Consequently, a small surface-mount Schottky device such as the MBRS140T3 is more 
than adequate. The MBRS140T3 is rated for 1 A of forward current and a 40-V breakdown. The conduction drop, V^, 
is 0.35-V at 1-A forward current and a 100°C junction. The power dissipation is: 

Pd = Iq ^ X (1 - D) 

Pj 3 = 0.75 X 0.35 X (1 - 0.76) = 63 mW 


In the absence of thermal-impedance data for this package with FR-4 mounting, a reasonable estimate of junction 
temperature is not practical. However, some assurance can be derived from considering the thermal impedance 
necessary to limit the junction to 100°C which is comfortably below the 125°C maximum rating. The thermal 
impedance, Rqja^ needed to raise the junction temperature from the 65°C ambient to 100°C with 63 mW of dissipation 
is: 


^0JA “ 



100 - 65 
0.063 


= 556°C/W 


There should be no problem since even signal diodes are in the 300°C to 400°CAV range. Some preliminary testing to 
establish thermal performance is highly recommended for applications where the margins are lower. 


Controller Design 

The controller-design procedure involves choosing the components required to program the TL5001 and includes 
setting the oscillator frequency, dead-time control voltage, soft-start timing, and short-circuit-protection timing. The 
sense-divider network and loop-compensation designs are also addressed in this section. 

Oscillator Frequency 

From the graph in Figure 3, choose R2 = 43 kQ to set the oscillator frequency to 200 kHz. 

Dead-Time Control 

The maximum duty cycle in this application is 84% and because there is no benefit in limiting the duty cycle a few points 
below 100%, the dead-time control resistor is omitted. 

Soft-Start Timing 

The DTC input can be used to soft start the converter even though dead-time control is not implemented. The soft-start 
capacitor is charged with a constant current approximately equal to the current flowing from the RT terminal. The output 
voltage should be in regulation by the time C5 has charged to 1.4 V. Choose C5 such that the output voltage comes up 
in 6 ms. 

Charging current = ^ = 23.3 \iA 

( 23.3 X 10-6][6 X 10-3) 

C5 = ^- yT -^ 


SCP Timing 

As in Example 1, choose C4 = 1 pF to set the protection enable period to approximately 75 ms. 


Output Sense Network 

The worst-case input bias current for TL5001 is 0.5 pA; therefore, the divider current should be approximately 
1000 X 0.5 pA = 0.5 mA. In regulation, the voltage across R6 is 1 V and the voltage across R5 is Vq - 1 V = 2.3 V. For 
this design, R5 is set at 7.50 kH. 


(Vo-H 


divider R5 

1 V 


3.3 - 1 


0.307 mA 


R6 = 


0.307 mA 


7.5 X lo3 

= 3.26 kQ => Use 3.24 kQ 
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Loop Compensation 

Refer to Example 1 for more detailed explanation. 

The open-loop response without the error amplifier consists of the gain of the PWM/power switch, and the output 

filter response. The gain, Ap^j^, is: 


AV, 


O 


(5-0) 


= 6.25 15.9 dB at nominal input 


PWM (1.4 0.6) 

Similarly, the gain is 15.5 dB at low line and 16.3 dB at high line. 

The output filter produces an underdamped complex-pole pair at the filter’s resonant frequency, and the capacitor ESR 
puts a zero in the response above the resonant frequency. The complex poles are located at: 


1 


1 


2 JI y(20 X 10-6)(l00 X 10-6) 


= 3.56 kHz 


The zero is located at: 

1 _ 1 


2jt RcC 


(2Jt)(0.1)( 


100 X 10 


1-6 


= 15.9 kHz. 


Figure 10 includes gain and phase plots of the open-loop response (error amplifier not included) obtained from a simple 
SPICE simulation. 



Figure 10. Uncompensated Open-Loop Response 

Choose a unity-gain frequency of approximately 20 kHz to provide good transient response. Figure 11 shows a standard 
compensation network chosen for this example. 
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Figure 11. Compensation Network 

Assuming an ideal amplifier, the transfer function is: 


1 [S(R5 + R4) C 8 + 1] (S R3 C 6 + 1) 

S R5(C6 + C7)J (S R 4 C 8 + 1 ) [s R 3 (C 6 |1 Cl) + l] 


The integrator gain, 1/[R5 • (C 6 + C7)], is used to set the open-loop unity-gain frequency. The zeros are located at 
approximately the same frequency as the output-filter poles to compensate for the gain reduction and phase shift. The 
pole at 1/(271 • R4 • C 8 ) is positioned at approximately the same frequency as the zero in the output filter to maintain the 
20 dB-per-decade roll-off in the gain response. The final pole at l/(27t • R3 • C 6 IIC7) is placed between half the operating 
frequency and the operating frequency to minimize noise at the pulse-width-modulator input. 

The sum of the gains of the modulator, the LC filter, and the error amplifier is 0 dB at the unity-gain frequency. The gain 
of the modulator/LC filter at 20 kHz may be calculated or obtained from a bode plot using straight-line approximations 
or from a simple SPICE simulation. As shown in Figure 10, the modulator/LC filter gain is -8 dB at 20 kHz. 

The compensation network has two zeros at 3.6 kHz to cancel out the LC filter poles. These two zeros contribute a gain 
of 29 dB at 20 kHz; therefore, the gain contributed by the compensation-network integrator needs to be 
-21 dB [0 - (-8 + 29) = -21]. The integrator gain of-21 dB translates to a voltage gain of 0.089. 

--1-= 0.089 (at frr = 20 kHz) 

(23T;)(frp)(R5)(C6 + C7) ^ ‘ ’ 

C 6 =-jJ---= 0.0119 nF =s> Use C 6 = 0.012 ^F. 

(2it)(f.j.)(R5)(0.089) (6.28)(20 x 103)(7.5 x 103)(0.089) 

R3 is chosen to position a zero at 3.6 kHz. 


(2it)(f)(C6) (6 28)(3.6 x lo3)(o.012 x 10- 


= 3.69 kQ =^> Use 3.6 kQ 


R4 and C 8 are chosen to provide an additional zero, f^, at 3.6 kHz and a pole, fp, at 15.9 kHz. 


J___L _1 

3.6 X 


xl03 15.9 xlo3 


(2it)(R5) (6.28)(7.5 x lO^) 


0.0046 [iF => Use C 8 = 0.0047 [tF 


(23T)(fp)(C8) (6.28)(l5.9 x lo3)(o.0047 x 10-6 


2.13 kQ ^ Use 2.0 kQ 


C7 is chosen to provide the pole at 100 kHz. Assuming C 6 » C7, 

C7 =--=-;--= 442 pF Use 470 pF 

(23t)(fp)(R3) (6.28)(l00 x 103)(3600) 

Results of the compensated-system response are shown in Figure 12. 


9-81 



f - Frequency - Hz 

Figure 12. Compensated-Loop Response 
Summary 

The schematic (Figure 13), bill of materials, and test results for the completed design are provided in this summary. 



NOtES; A. Frequency = 200 kHz 


B. Duty cycle = 100% MAX 

C. Soft-start timing = 6 ms 

D. SCP timing = 75 ms 


Figure 13. 5-V to 3.3-V/0.75-A Converter 




Table 5. Example 3: Bill of Materials 


REF DES 

PART NO. 

DESCRIPTION 

MFG 

U1 

TL5001 

IC, PWM Controller 

Texas Instruments 

C1,C2 

TPSD107M010R0100 

Capacitor, Tantalum, 

100 pF, 

10 V, 

20% 

AVX 

C4 


Capacitor, Ceramic, 

1.0 pF, 

50 V, 

10% 


C3, C5 


Capacitor, Ceramic, 

0.1 pF, 

50 V, 

10% 


C6 


Capacitor, Ceramic, 

0.012 pF, 

50 V, 

10% 


C7 


Capacitor, Ceramic, 

470 pF, 

50 V, 

10% 


C8 


Capacitor, Ceramic, 

0.0047 pF, 

50 V, 

10% 


CR1 

MBRS140T3 

Diode, Schottky, 

20 V, 

1 A 


Motorola 

L1 

CTX20-1 

Inductor, Toroid, 

20 pH 



Coiltronics 

Q1 

TPS1101D 

Transistor, MOSFET, 

p-ch, 

15 V, 

0.19 Q 

Texas Instruments 

R1 


Resistor, CF, 

470 Q, 

1/4 W, 

5% 


R2 


Resistor, CF, 

43 kU, 

1/4 W, 

5% 


R3 


Resistor, CF, 

3.6 kQ, 

1/4 W, 

5% 


R4 


Resistor, CF, 

2.0 k^ 

1/4 W, 

5% 


R5 


Resistor, MF, 

7.50 kQ. 

1/4 W, 

1% 


R6 


Resistor, MF, 

3.24 kQ, 

1/4W, 

1% 



Table 6. Example 3: Test Results 


PARAMETER 

TEST CONDITIONS 

MEASUREMENT 

Load regulation 

V| = 5 V,- 

Iq = 0 ~ 750 mA 

1.4% 

Output ripple (peak-to-peak) 

Iq = 750 mA 

<20 mV 

Efficiency 

< 

11 

cn 

< 

Iq = 750 mA, Q1 = SI9405 

74.4% 

< 

II 

cn 

< 

IO = 750 mA, Q1=TPS1101 

84.1%t 


tjhe higher efficiency achieved with the TPS1101 is due to lower gate capacitance, which speeds up 
switching and reduces switching loss. 
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Appendix A 

5-V Prototype-Board Waveforms 

The following photos were taken using the 12-V to 5-V prototype breadboard that was designed and documented as 
presented in the first section of this application report. The results are typical of those seen on the other designs in this 
paper. 

Minimum Dead Time (maximum duty cycle) 

The dead time of the output switch was measured with the feedback resistance disconnected. 

Vertical: 2 V/div 
Horizontal: 1 ps/div 
Coupling: dc 
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Figure A-1 
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Output Switch Drain to Ground Voitage 

The input of the low-pass output filter is shown in Figure A-2. The high-level voltage is equal to the input voltage minus 
VDS(on)- The low-level voltage is one diode drop below ground. 

Vertical: 2 V/div 
Horizontal: 1 jis/div 
Coupling: dc 



Chi 2V Migs Chl.^ 5.2 V 

Figure A-2 
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Output Voltage Rise Time (electronic load) 

The soft-start circuit slows the rise of the output voltage to prevent excessive overshoot. 

Vertical: 1 V/div 
Horizontal: 2 ms/div 
Coupling: dc 


!◄-Sample-►! 



Ch1 1V M2 ms Ch1^ 4.04 V 


Figure A-3 




















Output Voltage Rise Time (resistive ioad) 

This photo shows the response to a resistive load. 

Vertical: 1 V/div 
Horizontal: 2 ms/div 
Coupling: dc 


!◄-Sample-►) 

Run: 25 kS/s T 



Figure A-4 





















Output Voltage Ripple 


The output ripple is shown in Figure A-5. The triangular-shaped ripple is clearly a function of the ESR of the output 
capacitor. 

Vertical: 2 mV/div 
Horizontal: 2 ps/div 
Coupling: ac 



Chi 2m\f^ M2gs OV 

Figure A-5 
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Output Dynamic Response 

The response of the output to step-load changes is shown in Figure A-6. The electronic load was stepped from 1.5 A 
to 3 A. 

Top Waveform: Vq Bottom Waveform: Iq 

Vertical: 100 mV/div Vertical: 1 A/div 

Horizontal: 0.5 ms/div Horizontal: 0.5 ms/div 

Coupling: ac Coupling: dc 



Ch1 100 mV Ch2 10 mV MSOOps Ch1^ 66 mV 


Figure A-6 
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Component Selection Guidelines 

Due to the wide variation in current levels in the typical power supply, the range of size of the components is 
usually extensive. Even in low-power dc-to-dc converters the power switch, rectifier, and output capacitor 
may range from very small surface-mounted parts to D-Pak size. The Inductor Is usually the largest compo¬ 
nent in low-power situations and determines the overall size of the supply. 

Output-Filter Inductor 

The key parameters to consider In selecting an inductor for an output filter application are inductance, contin¬ 
uous and peak current ratings, series resistance (DCR), and packaging. The Inductance and current rating 
requirements are determined during the electrical design and depend heavily on: 

• Input and output voltages, output current 

• Converter topology 

• Operating frequency 

• Operating mode ( continuous or discontinuous) 

• Designer’s preference 

Inductance decreases as current Increases in all inductors, but the slope and frequency onset of this 
decrease varies depending upon the core material, air gaps, and ac flux. Some inductors hold a relatively 
constant value out to a point where the inductance suddenly collapses, while others decrease slowly and 
continually over a wide range. Even within families of cores, the change in inductance over frequency with 
a change in permeability can be great. Inductance in ferrites Is largely unaffected by ac flux. Some iron 
powder materials are strongly affected by ac flux changes that cause large inductance increases at higher 
flux levels. To ensure adequate performance, design the inductor for the peak current and at the lowest 
operating frequency. Pulse width modulator (PWM) tolerances can be 15% or more before considering the 
external timing component tolerances. 

The series resistance (DCR) must be low enough to limit the heat rise to acceptable levels. The resistance 
of copper increases with temperature and can cause a degenerating condition on the output. Heat rise In 
inductors is hard to calculate; the easiest way to determine this is to use the manufacturers recommended 
current ratings at maximum temperature. The DCR may have to be lower than that necessary for heat rise 
in order to meet the efficiency and regulation specifications at low line. 

Core losses are generally low enough that they do not cause a thermal problem in these applications except 
at high operating frequencies and at high ripple current. 

Magnetic component manufacturers offer a wide range of off-the-shelf inductors suitable for dc/dc convert¬ 
ers, some of which are surface mountable. There are many types of inductors available; the most popular 
core materials are ferrites and powdered iron. Bobbin or rod-core inductors are readily available and inex¬ 
pensive, but care must be exercised in using them because they are more likely to cause noise problems 
than are other shapes. Custom designs are also feasible, provided the volumes are sufficiently high. 

Output-Filter Capacitor 

Unless the converter is to be subjected to large load transients, the filter capacitor is chosen to limit the out¬ 
put ripple voltage to specification levels. Most low-power converters utilize single-stage filter designs. 

The filter capacitor passes most (Ideally all) the ac components of the inductor current and the Impedance 
must be low enough to limit the ripple voltage. The impedance consists of a capacitance In series with a 
resistance (equivalent series resistance, ESR) and an inductance (equivalent series Inductance, ESL), and 
depending on the capacitor technology, the overall impedance is dominated by either the capacitance or the 
ESR at the frequencies of Interest. Besides impedance, the voltage rating must be greater than the maxi¬ 
mum output voltage and the ripple current must be within ratings. 
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Four capacitor technologies, low-impedance aluminum, organic semiconductor, solid tantalum, and multi¬ 
layer ceramic, are suitable for low-cost commercial applications. Low-impedance aluminum electrolytics are 
the lowest cost and offer high capacitance In small packages, but the ESR is higher than the other three. 
Organic semiconductor electrolytics, such as the Sanyo OS-CON series, have become very popular for the 
power-supply industry in recent years. These capacitors offer the best of both worlds — a low ESR that Is 
stable over the temperature range and high capacitance in a small package. Most of the OS-CON units are 
supplied In lead-mounted radial packages; surface-mount devices are available but some of the size and 
performance advantage is sacrificed. Solid tantalum chip capacitors and ceramic capacitors are probably 
the best choices if a surface-mounted device is an absolute must. Products such as the AVX TPS family and 
the Sprague 593D family were developed for power-supply applications. These products offer a low ESR 
that is relatively stable over the temperature range, high ripple-current capability, low ESL, surge-current 
testing, and a high ratio of capacitance to volume. 

Now, high-capacitance multilayer-ceramic capacitors are available. These have very low ESR (less than 5 
mfli), but the capacitance tolerance is very broad (typically +80% to -20% and varies with bias). In addition, 
the larger values (22 |liF and larger) have ESL problems that must be considered in use. The ESR is so low 
that the resulting zero In the loop response generally can be ignored, but the capacitance is too variable to 
rely on for the output filter response and should be paralleled with another more stable, higher ESR capaci¬ 
tor. Wide variations In the output capacitance affects the open loop filter poles and makes the power supply 
more sensitive to external factors. When using 22-|iF or greater ceramic, it is recommended that a 0.47-|iF 
capacitor or larger be used in parallel to reduce the effects of the internal ESL. 

Input-Filter Capacitor 

Input filters supply the surge current needed during the power-switch on time. They must supply the current 
without significant voltage droop for the maximum turn-on time. In addition, the current surge when the Input 
voltage is applied must be considered. Buck and buck-derived configurations have a step function Input cur¬ 
rent waveform with large harmonic content. Boost and flyback regulators have triangular or ramp wave¬ 
forms. These instantaneous step changes require large surge capability. Low ESR capacitors allow a much 
greater surge than high-ESR capacitors. Tantalum capacitors do not tolerate this surge and so should not be 
used in input filter applications. Aluminum electrolytics are excellent here due to their large capacltance-to- 
volume ratio and surge current capabilities. For surface mount, ceramics work well and their low ESR pre¬ 
vents the input voltage from having a voltage step. 

Power Switches 

Many converters can be Implemented with bipolar or MOSFET transistors as the power switch. Bipolars are 
inexpensive and can perform well in low-voltage applications, but designing a drive circuit to realize the per¬ 
formance is not a trivial effort. Furthermore, complex base-drive schemes can eliminate much, if not all, of 
the cost advantage. MOSFETs offer the fast switching times required for high-frequency operation, using 
relatively simple, low-component-count gate-drive circuits. 

Output Rectifiers 

The output rectifier is critical to good converter performance. Rectifier conduction losses are generally a 
significant percentage of the total converter dissipation, and either high-conduction loss or poor-switching 
performance increases dissipation in other components. The key parameters to consider in selecting the 
rectifier include the: 

• Current rating 

• Voltage breakdown 

• Forward voltage drop 

• Switching speed 
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• Junction capaeitance 

• Thermal resistance 

• Packaging 

After voltage rating, the primary concern is usually power dissipation, either to ensure that the rectifier oper¬ 
ates within its junction temperature rating or to optimize the overall converter efficiency. A low forward volt¬ 
age drop reduces power dissipation that minimizes the use of heatsinks to maintain junction temperature to 
acceptable levels and optimizes power converter efficiency. Fast switching speeds are essential to minimize 
dissipation. Schottky rectifiers are popular choices in low-power, low-voltage applications for their charac¬ 
teristic low forward drop and fast switching. 

Current rating is a secondary concern for most designs. Typically, the device required to limit dissipation to 
acceptable levels has a current rating that is a factor of two or more greater than the application requires. 

The breakdown voltage rating must at least equal the maximum input voltage in buck converters and the 
output voltage In boost converters. Some margin for the voltage surges, spikes, and ringing typically en¬ 
countered In practical applications is also advisable. 

Low junction capacitance minimizes component size and power dissipation in snubbing networks. 

Rectifiers are readily available In a wide range of packages for both lead and surface mount applications. 
The surface mount packages tend to perform better than the lead mounts due to the reduced parasitics; 
however, they are harder to heatsink when external heatsinking Is required at higher power levels. 

The output rectifier can be replaced with a low RDS(on) MOSFET (synchronous rectifier) in applications 
where efficiency overrides cost concerns. 

Snubber Network 

Converters almost universally suffer from ringing on the voltage waveform at the node where the power- 
switch, output Inductor, and rectifier are connected. The ringing results from driving parasitic inductances 
and capacitances with fast rise-time waveforms and ranges in severity from objectionable to unacceptable 
depending on component selection and printed-circuit board (PCB) layout. A series RC-snubber network In 
parallel with the rectifier is the simplest way to minimize the problem. Since deleting components from a PCB 
layout is usually easier than adding them, the safest strategy is to include the network in the initial design and 
delete it. If it is not needed. 

High frequency ceramic or film capacitors and film resistors should be selected for snubber applications; 
avoid wire-wound resistors because they tend to be Inductive. 
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PCB Layout Considerations 

Electrical design is only half the work in the creation of a reliable power supply. Unlike digital circuits, power 
circuits handle a broad range of currents—from the microampere control current to the tens (or hundreds) of 
amperes flowing in the power stage. The production of clean output power with minimal noise depends criti¬ 
cally upon PCB layout. Power supply circuits also produce high-frequency signals that may cause many 
problems within the load or the source if not properly handled. Even though a power supply can operate at 
50 kHz to 500 kHz, the switching edges can have rise and fall times in the order of 
10 ns or faster, correlating to frequencies of up to 100 MHz. Without proper layout, radiation can be a major 
problem. Proper layout techniques generally include minimizing high-current loops within the power stage, 
proper grounding of the control stage, and proper sizing of the traces to adequately handle the peak cur¬ 
rents. Ground planes are useful but cannot solve every problem. The control of current flow within the supply 
is more important. 

Magnetic coupling between adjacent circuitry Is a major source of noise pickup. The magnetic field produced 
by a current is proportional to the area of the loop in which it circulates. Thus, noise coupling can be greatly 
reduced by minimizing the loop areas. 

A ground plane Is extremely useful in satisfying this goal. On thru-hole boards, a top-surface ground plane 
with strategic cutouts to control the flow of output currents and control-section currents is ideal. Surface- 
mount boards usually have minimal top-surface area for a ground plane. 

Other points to consider during the PCB layout process are selection of the proper components, separation 
of the ground plane to reduce cross-conduction, snubbers on the commutation/output rectifiers, proper 
placement of EMI suppressing components to reduce noise pickup/transmission, and thermal consider¬ 
ations. 

Power Stage Considerations 

The power stage includes the low-pass output filter, the power switch, and the input filter. It contains very 
high circulating currents and, therefore, should be given the highest priority when laying out the PCB. 
Figure 9-1 shows the current paths for a typical buck converter. The charging (forward) current, l-j, flows 
through the input capacitor, the power switch, and the inductor before splitting between the output capacitor 
and the load. The inductor discharge (commutating) current, I 2 , flows through the commutating diode and the 
inductor, then to the output capacitor and the load. The peak value of these currents is the same. The paths 
for these currents should be as short as possible. 

The Input filter capacitor should be close to the power switch and the commutating rectifier. In buck regula¬ 
tors, the Input current waveform from the input capacitor to the power switch is a step function. This contains 
large harmonics that are difficult to filter out. The closer that the input filter is to the power switch, the less the 
radiation. Flyback regulators have a ramp input waveform that has a high-frequency trailing edge. 

Next in priority, due to its relatively high current level, Is the drive circuit for the power stage. It should be 
placed as close to the power switch as possible. The power switch generally has a large input capacitance 
associated with its gate. High peak currents achieve the very fast rise and fall times required for high efficien¬ 
cy. If the gate lead trace is longer than approximately 2 inches, a small (approximately 10 ^2) resistor should 
be placed In the trace near the FET to damp the LC tank formed by the inductance of the trace and the gate 
capacitance of the FET. Current Ipi is the turn-on current that charges the gate capacitance and current Id 2 
is the turn-off current that discharges this capacitance. When using bipolar power switches, base capaci¬ 
tance is not a problem, but the average drive current is much higher, resulting in the same requirement for 
short current paths. 
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Figure 9-1. Buck Power Stage Layout Considerations 

In continuous-mode boost converters, the input current is higher than the output current by the ratio of the 
output voltage to the input voltage divided by the efficiency. In a 5-V to 15-V, 5-ampere, 90% efficient boost 
converter, the current through the Inductor and power switch Is over 16 amps! Discontinuous-mode convert¬ 
ers (of any type) have much higher currents than their continuous-mode counterparts. 

In converters with high voltages present, such as offline switchers and In some boost or flyback converters, 
care must be exercised to ensure that proper isolation of the high voltage Is done. Various safety standards 
from safety agencies (such as UL and VDE) specify the required creepage distance between high-voltage 
points and the user. In some cases, the effects of high-voltage transients (from startup, lightning, or static) 
must also be considered. Converters operating from the ac mains usually have Input EMI filters. To be effec¬ 
tive, these filters must be physically located close to the Input source and laid out In a very tight configuration 
noting, however, that the high-voltage transients mentioned previously may be doing their best to try to by¬ 
pass the filter. 
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Figure 9-2. Boost Power Stage Layout Considerations 

Power stage currents are dependent upon the output requirements, input voltage, and operating mode of 
the power supply. Figure 9-3 shows the inductor-current waveforms for a continuous-mode and a discontin¬ 
uous-mode power supply with the same output current and Input voltage. The peak current of the discontinu¬ 
ous supply is much higher and varies with duty cycle. 




Figure 9-3. Continuous vs. Discontinuous-Mode Inductor Current 


Output Stage Considerations 

In a Buck regulator, the output-filter capacitor placement is not as critical as the Input filter. Output current 
flows through the output inductor to the load. Additional trace length In this path acts as additional capaci¬ 
tance as long as the power and return traces are physically close to each other. The trace length from the 
output capacitor to the main output trace should be kept as short as possible. This minimizes the series resis¬ 
tance and Inductance between the capacitor and the main trace. In many cases, parallel capacitors are used 
in the output filter to reduce the equivalent series resistance (ESR). If the capacitors are connected at equal 
intervals along the output path, the effective ESR of the first capacitor is much lower than the last capacitor. 
Care must be used in this configuration to make sure that the first capacitor In the string is not overloaded by 
the higher ripple current that it must conduct. 
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Discontinuous-mode boost regulators have large current pulses in the output capacitor. Here, the capacitor 
should be close to the power switch to reduce magnetic radiation. 

The Ideal configuration on multilayer boards is for the output and return traces to be directly over each other 
to minimize the enclosed loop inductance and to increase coupling capacitance. This technique can be 
beneficial when applied to almost any closed signal path. On single-sided boards, the optimum solution Is 
closely-paralleled traces, see Figure 9-4. 
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_ Closely Paralleled Traces Increase Output Capacitance 

and Reduce Inductive Noise Coupling 

Figure 9-4. Output Layout Considerations 

Controller Layout Considerations 

Ground connections are very critical in the control stage of a power supply. Any voltage difference between 
the feedback divider ground and controller ground results in an error In the output voltage. Noise pickup in 
the sensing circuit Is amplified and fed directly to the output. Ideally, the controller supply current should not 
flow through the feedback path. This is not always possible, though, and the next best choice Is to have the 
controller referenced to the output ground as close as possible. The supply voltage should be bypassed to 
prevent transient currents from the controller from being propagated across the PCB. The bypass capacitor, 
C(bp), should be located as close as possible to the controller with short leads to the Vqc and ground termi¬ 
nals. Surface-mount chip capacitors mounted next to the controller give the shortest possible routing. Again, 
current loops should be minimized with parallel traces to reduce noise radiation and pickup. 

The feedback path from the low-impedance output through the resistor divider to the high Impedance opera¬ 
tional amplifier inputs should be as short as possible and should consist of parallel paths to reduce noise 
pickup. The divider ground point should be close to the output ground, but more Importantly, the center point 
of the divider should be close to the input error amplifier due to its high impedance and noise susceptibility. 
Sometimes breaking the ground plane into two or more sections with a single common connection point can 
help In keeping the high output-return current from flowing around or near the controller circuit. This tech¬ 
nique can greatly reduce noise pickup by the sensitive controller circuitry. 

Many controllers today haye the driver stage built in. This compounds the problems of ground currents, es¬ 
pecially when the driver does not have its own power ground terminal. It Is even more important, in this case, 
to locate the controller close to the output to reduce the effects of error currents. 

In both the cases discussed previously, close to the output does not imply close to the power stage. The 
switching elements in a modern high-frequency power supply generate large amounts of EMI that can be 
magnetically coupled into the high-impedance input of the controller. The further away from these elements 
the controller is, the harder it is for the signals to couple. In the small circuits of today, this is becoming harder 
to do. If at all possible keep the error amplifier and reference voltage terminals away from the power stage. 
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Figure 9-5. Controller Layout Considerations 
Trace Width Considerations 

Trace widths on a power supply board are a compromise among minimum loop area for noise reduction, 
maximum trace widths for low IR drops, and available board area. Outside layers of RGBs are generally 
available with 1 -ounce and 2-ounce copper, a reference to the weight of the copper per square foot of board. 
Inner layers of multilayer boards can have 1/2-ounce copper. One-ounce copper is nominally 1.3435 mils or 
0.0013435 inch thick. Wire is generally measured In circular mils. A circular mil is the area of a circle that is 1 
mil in diameter. To convert circular mils to square mils, multiply by the factor 7i/4. In order to have the same 
current density as 20-gauge wire (1022 circular mils) using 1-ounce copper, a trace width of 597 mils Is re¬ 
quired! However, flat traces on a RGB can carry more current than the same amount on copper wire due to 
the greater surface area of the trace for heat radiation into the air and heat conduction onto the board itself. 
Good design practice limits the temperature rise on FR4 board to 20°G (MIL-STD-275G). The current flow¬ 
ing through the traces is derated to account for several factors. The recommended derating factors are as 
shown in Table 9-1. 


Table 9-1. Derating Factors 


Condition 

Current Multiplication Factor 

Tin/lead surface or auto soldering 

1.42 

Solder mask or insulating surface 

1.18 

Copper thickness > 3 Oz. 

1.18 

Base material < 0.031 in. 

1.18 
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The information in Table 9-2, taken from MIL-STD-275C (commercial equivalent is ANSI/IPC-D-275), 
shows the maximum derated current to achieve a temperature rise of 20°C or less. 


Table 9-2. Maximum Derating Current for AT^ < 20''C 


Trace Width 
(Inches) 

Current 

(Amps) 

0.025 

2 

0.075 

5 

0.200 

10 

0.440 

20 


The information given in Table 9-2 is the maximum recommended current. The resistance of the trace still 
needs to be calculated to verify that the voltage drop is satisfactory for the application. 

The resistance of a 10-mil trace of one-ounce copper is 502 mQ per inch. For any given trace width, the 
resistance is: 


R 


0.00502 L 
WT 


Where: 

R is the trace resistance in ohms 
L is the length of the trace In mils 
W is the width of the trace in mils 

T is the copper weight of the board in ounces per square foot 
Two useful variations of this formula are: 

0.00502 L 

W = —— gives the required width in mils for a desired trace resistance. 
H I 

0.00502 LI 

W = —^— gives the required width in mils for a desired voltage drop. 

Where: 

W is the width of the trace In mils 
L is the length of the trace in mils 
I is the current in amps 
V is the voltage drop in volts 

T is the copper weight of the board in ounces per square foot 
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Example: 


When a circuit with 10 amps and a 100 mV drop is desired on a 1 -inch trace, the trace width is 
calculated as follows: 

W = Q) = 502 mils using 1 -ounce copper 

W = (0 00502)0 000)(10) ^ 251 mils using 2-ounce copper 

W = = 167 mils using 3-ounce copper 

(0.1 )(o) 

As can be seen In the previous example, heavier-weight copper is very useful In power supply circuits. A 
secondary advantage to heavy copper traces is the heat-sinking ability of copper. This can come into play 
when calculating the junction temperature (discussed later In this chapter). Generally, the resistance of the 
circuit traces should be insignificant compared with the rest of the circuit. The power stage of a converter 
may contain a MOSFET with less than 50 mQ of on-resistance, an Inductor with less than 100 mQ of dc 
resistance (DCR) and an output capacitor with 1 00 mQ of ESR. The trace resistance for this circuit should be 
in the order of 25 mQ (both signal and return path) to meet this requirement. 
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Thermal Considerations for Surface-Mount Semiconductors 

In response to system-miniaturization trends, integrated circuits are being offered in low-profile and fine- 
pitch surface-mount packages. Implementation of many of today’s high-performance devices in these pack- 
/ ages requires special attention to power dissipation. Many system-dependent issues such as thermal cou¬ 

pling, airflow, added heat sinks and convection surfaces, and the presence of other heat-generating compo¬ 
nents affect the power-dissipation limits of a given component. 

Three basic approaches for enhancing thermal performance are: 

• Improving the power-dissipation capability of the PCB design 

• Improving the thermal coupling of the component to the PCB 

• Introducing airflow in the system 

Once the power dissipated In each device Is calculated, the operating junction temperature must be deter¬ 
mined to verify a safe operating environment. Junction temperature is found using the formula: 

Tj = Ta + (Pd X R0Ja) 

If the junction temperature is higher than the desired maximum, one of the three approaches listed previous¬ 
ly can be used to reduce Rgja- 

Improving the power-dissipation capability generally means adding a thermal conduction plane or heatsink 
to the PCB. Both choices require extra board space, but can be better than adding multiple or larger devices. 
Heat flows from warmer surfaces to cooler surfaces. If a naturally cooler surface is available, It would be an 
ideal heat sink. 

Increasing the thermal coupling of the component to the PCB can reduce Roja- This can be implemented by 
the use of thermal compound or soldering of the component to the copper. 

The use of forced airflow in low-power converters Is generally an undesirable solution due to the added pow¬ 
er useage of the fan. Natural convection airflow can be enhanced by the proper placement of the compo¬ 
nents and any vents that are available. Since warm air rises, vertical surfaces tend to transmit heat to the air 
better than horizontal surfaces. The hottest devices should be located at the top of the board or toward the 
output side of the airflow so as to reduce their effect on other components. 

If Rgja cannot be reduced to a satisfactory level and power dissipation cannot be reduced, the only other 
alternative is to select a larger device that can dissipate the power. 

Figure 9-6 Is an example of a thermally enhanced layout for a surface-mount power package with graphs 
showing the effects of airflow and thermal conduction planes of various sizes. 


% 
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Figure 9-6. Thermally Enhanced PWB Layout (not to scale) for the 20-Pin TSSOP 
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Example 

Figure 9-9 is an example schematic and layout of a dual output regulator using the TL1454 controller chip. 
Using the techniques discussed in this document resulted in a regulator with very clean outputs that pro¬ 
duced little noise. 

Note that the top side ground plane (Figure 9-10) Is cut into two sections to keep the return currents in the 
power section from flowing in the control section ground. The common point for the two sections of the 
ground plane is at the bypass capacitor for the controller chip. This was done because the outputs are lo¬ 
cated at opposite sides of the board. Usually, the common point should be located as close as possible to the 
output. Also note the short distance between the power switches Q1 and Q2 (Figure 9-11), the input capaci¬ 
tor Cl, and the output capacitors Cl 2 and Cl 3. Heavy traces were used in the power section. The drive 
circuits were located so as to minimize the distance between the controller and the drive transistors and 
between the drive transistors and the power switches. In this layout the feedback traces are longer than is 
usually desired, but with the separated ground planes and low Inductance path, this configuration worked 
very well. A better solution would have the feedback resistors closer to the controller. 

R8 3.32 kQ 
1% 



Figure 9-9. Dual Regulator Schematic 
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Figure 9-10. Top Side Ground Piane 


Bottom Side (Top View With Top Silk Screen) 



Figure 9-11. Soider Side and Component Layout 
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MECHANICAL DATA 


OCTOBER 1995 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15). 

D. Four center pins are connected to die mount pad 

E. Falls within JEDEC MS-012 
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MECHANICAL DATA 


OCTOBER 1995 


DB (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE 

28 PIN SHOWN 



NOTES; A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold flash or protrusion not to exceed 0,15. 

D. Falls within JEDEC MO-150 
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MECHANICAL DATA 


DBV (R-PDSO-G5) 


OCTOBER 1995 

PLASTIC SMALL-OUTLINE PACKAGE 



NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Body dimensions include mold flash or protrusion. 
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MECHANICAL DATA 


OCTOBER 1995 


DW (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE 

16 PIN SHOWN 



NOTES: A. All linear dimensions are in Inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15). 

D. Falls within JEDEC MS-013 
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MECHANICAL DATA 


OCTOBER 1995 


FK (S-CQCC-N**) LEADLESS CERAMIC CHIP CARRIER 

28 TERMINAL SHOWN 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a metal lid. 

D. The terminals are gold plated. 

E. Falls within JEDEC MS-004 
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MECHANICAL DATA 


OCTOBER 1995 


J (R-GDIP-T**) CERAMIC DUAL-IN-LINE PACKAGE 

14 PIN SHOWN 


^\^INS ** 

14 

16 

18 

20 

22 

A MAX 

0.310 

(7,87) 

0.310 

(7,87) 

0.310 

(7,87) 

0.310 

(7,87) 

0.410 

(10,41) 

A MIN 

0.290 

(7,37) 

0.290 

(7,37) 

0.290 

(7,37) 

0.290 

(7,37) 

0.390 

(9.91) 

B MAX 

0.785 

(19,94) 

0.785 

(19,94) 

0.910 

(23,10) 

0.975 

(24,77) 

1.100 

(28,00) 

B MIN 

0.755 

(19,18) 

0.755 

(19,18) 

— 

0.930 

(23,62) 

— 

C MAX 

0.280 

(7.11) 

0.300 

(7,62) 

0.300 

(7,62) 

0.300 

(7,62) 

0.388 

(9,65) 

C MIN 

0.245 

(6,22) 

0.245 

(6,22) 

0.245 

(6,22) 

0.245 

(6,22) 

— 
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NOTES: A. 

B. 

C. 

D. 

E. 


All linear dimensions are in inches (millimeters). 

This drawing is subject to change without notice. 

This package can be hermetically sealed with a ceramic lid using glass frit. 

Index point is provided on cap for terminal identification only on press ceramic glass frit seal only 
Falls within MIL-STD-1835 GDIP1-T14, GDIP1-T16, GDIP1-T18, GDIP1-T20, and GDIP1-T22 
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MECHANICAL DATA 


OCTOBER 1995 


JG (R-GDIP-T8) CERAMIC DUAL-IN-LINE PACKAGE 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a ceramic lid using glass frit. 

D. Index point is provided on cap for terminal identification only on press ceramic glass frit seal only 

E. Falls within MIL-STD-1835 GDIP1-T8 
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MECHANICAL DATA 


OCTOBER 1995 


KC (R-PSFM-T3) 


PLASTIC FLANGE-MOUNT PACKAGE 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Lead dimensions are not controlled within this area. 

D. All lead dimensions apply before solder dip. 

E. the center lead is in electrical contact with the mounting tab. 

F. The chamfer is optional. 

G. Falls within JEDEC TO-220AB 

H. Tab contour optional within these dimensions 
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MECHANICAL DATA 


OCTOBER 1995 


KC (R-PSFM-T5) PLASTIC FLANGE-MOUNT PACKAGE 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Lead dimensions are not controlled within this area. 

D. All lead dimensions apply before solder dip. 

E. The center lead is in electrical contact with the mounting tab. 
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MECHANICAL DATA 


OCTOBER 1995 


KTE (R-PSFM-T3) PLASTIC FLANGE-MOUNT PACKAGE 



NOTES; A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. The center lead is in electrical contact with the thermal tab. 
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MECHANICAL DATA 


OCTOBER 1995 


KTG (R-PSFM-G5) PLASTIC FLANGE-MOUNT PACKAGE 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. The center lead is in electrical contact with the thermal tab. 
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MECHANICAL DATA 


OCTOBER 1995 



NOTES; A. 

B. 

C. 

D. 


All linear dimensions are in Inches (millimeters). 

This drawing is subject to change without notice. 

Lead dimensions are not controlled within this area. 

Falls within JEDEC TO-226AA (TO-226AA replaces TO-92) 
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MECHANICAL DATA 


OCTOBER 1995 


N (R-PDIP-T**) PLASTIC DUAL-IN-LINE PACKAGE 

16 PIN SHOWN 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Falls within JEDEC MS-001 (20-pin package is shorter than MS-001) 
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MECHANICAL DATA 


OCTOBER 1995 

NS (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE 

14 PIN SHOWN 



NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15. 
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MECHANICAL DATA 


OCTOBER 1995 


P (R-PDIP-T8) PLASTIC DUAL-IN-UNE PACKAGE 



NOTES; A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Falls within JEDEC MS-001 
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MECHANICAL DATA 


OCTOBER 1995 



NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. The center lead Is In electrical contact with the tab. 
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MECHANICAL DATA 


OCTOBER 1995 



NOTES; A. All linear dimensions are In millimeters. 

B. This drawing is subject to change without notice. 

C. Body dimensions do not Include mold flash or protrusion not to exceed 0,15. 
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MECHANICAL DATA 


OCTOBER 1995 



NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. The package thermal performance may be enhanced by bonding the thermal pad to an external thermal plane. The solderable pad 
is electrically and thermally connected to the backside of the die and leads 1,2,9,10,11,12,19 and 20. 
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MECHANICAL DATA 



U (S-GDFP-FtO) 


CERAMIC DUAL FLATPACK 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a ceramic lid using glass frit. 

D. Index point is provided on cap for terminal identification only. 

E. Falls within MIL STD 1835 GDFP1 -FI 0 and JEDEC MO-092AA 
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